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MATEMATHKA 


M. HW. JAHHJIOK 


O 3AMAYE C KOCOM NPOH3BOAHOM WIA JJIJIMMNTMYECKMX 
CUCTEM TIEPBOrO MOPSAAKA 


(ITpedcmaeaeno axademuxom H. H. Bexya 11 IV -1958) 


m 
F . 1 
1. Ilycts G—o6mactb na nockoctu z=x-+iy u r=») I; — rpanu- 
j=0 
wa G, COCTOAMaA M3 MpOCTBIX, SaMKHYTBIX, He MepeceKalomlMx pyr Lpyra 
fT-HenpepbIBHbIX KPHBbIX, mpHyem I, coxepxKHT BHYTpH ceOA RCe OCTAJIbHBIe. 
B o6macru G paccmoTpuM ypapHenve 


a apa 
ge POT faut, S=a(Ht iy): Ky 


SKBUBAJICHTHOe CHCTeMe JBYX JeHCTBHTeJIbHBIX YPaBHeHHH OTHOCHTeJIbHO UL, UV. 
Hactosmasa paOoTta mocpalena culeqyrouleh 3aqaye. 

Sanaua B. Hality komnuekcuosHayHy!0 HenpepbiBHyIo B G+ T' dyHKIHIO 
f =u-+ iv, mpexctapratoulyio co6oH o606meHHOe pelleHve ypaBHeHua (1) B 
oOlactH G, HMEeIOWLyIO HenpepbiBHO npokouKuMyto Ha I’ nponsBo_Hyt10 Of / Oz 
M yoBvleTBopstoulyio Ha TI’ rpanuyunomy ycJIoBulo 


af ee AP ei 
Release t+ofl=1 gozla— ia) el 


rae a, 6 w y— 3afaHHble Ha I’ cbynKynu. 

K 3amaue B cBoquTca rpaHuuHad 3afaua A OOWLeH SMIMNTHYeCKOH CHCTe- 
MbI TlepBoro NOpAAKa Ha MJIOCKOCTH C Kpae€BbIM YCJIOBHEM BHJla aU, BUy+ YUx+ 
+ bv,+ vu + wo = g; WA rapMoHuyecKHX YHKUMH OHA BnepBble MOCTaBse- 
Ha Ilyanxape. B kjacce aHamuTHyecKUX (PyYHKUHH B OOuleM Clyyae 9Ta 3afaua 
uccyieqopana B padote V1. H. Bexya (*), rae ycraHoBJeHbI HEOOXOZMMbIe HW ]O- 
CTATOUHDIC YCJIOBUA €€ pa3PpeLUMMOCTH B TEPMHHAX COOTBEICTBYIOMErO CHHTYJApP- 
HOPO HHTerpaJIbHOrO ypaBHeHHA, SKBHBAeHTHOFO 3afaue. B Kuure (°) OHA H3y- 
yeHa JIA ypaBHeHua BTOporo nopaAKa. HenocpeycrBenHo 3agaua B u3syuasacb 
B paGore (*), re BBeMeHa CONPAKeHHAA Safaya; B ee TePMUHAX aHbl HEOOXO- 
JMMbIe HW JOCTATOUHbIE YCJIOBHA pPa3pelLUMMOCTH, YCTAaHOBJIEHO COOTHOLIeCHHE 
Teopembl 4 (cm. HuxKe). B HacTosmjeH padoTe mpeqmaraeTca HHOM NOAXO K 
9THM BOTIpocaM. : 

OcHOBHBIM CpefCTBOM H3y4eHHA 3ayaun B apsiaeTcA HeKOTOpaA BCTOMOra- 
TeJIbHaA SKBUBaJIeHTHAA eli 3anaua Tuna PumMana —J nupOepta Aa 9/1 MNTH- 
yeCKHX CHCTeCM TPeX KOMMVJICKCHbIX ypaBHeHHH mepBoro NopsAyKa, KpaeBoe 
YCNOBHe KOTOPOH He COJEPAKHT NPOHSBOAHBIX HCKOMBIX PYHKWH. 

Teopema 1. Jlonycmum, umo dyxkyus B (z) o6aacaem exympu G 0600- 
wennott npouseodnott BCL,(G), p>2. Ecau dyxKyua f (z) npedcmaeasem pe- 
wenue 3adauu B, mo mpu gyxKyuu 


Fi@v=f@, F:2=22, Fe) =Fe (3) 


9 


yooenemeopsiom cucmeme OudqbepenyuanoHolx ypaeHenuu 


Che aR, eB ee WB ee 


=> Fy (4) 
Oz Oz (oF 


exympu obs~acmu G u Kpaeeolm YCAOBUAM 


Ha Konmype IT. O6pamno,}? ecau cucmema nenpepolenoix @ G +1 dyakyua 
F,, Fo,F3 peuaem sadauy (4), (5), mo nepeaa dbyxxyua Fy Oaem pewuenue 
ucxoOnott 3adadu 

JLoxa3zsatTeabcrTBo. IIpamoe yrBepxenne TeOpeMbl MOMy4aerTca Mpo- 
cro: mepBoe ypaBHeHue (4) ecTb ypaBHenue (1) B OOo3sHayeHuax (3). Bropoe 
ypaBHeHHe nOuly¥aeTcA M3 NepBoro LudpepeniupoBannem onepatopom O/Odz, 
ecIH YUeCTh MOcMe ZTOFO ele pas ypaBHeHHe (1). Tperbe ypaBuenue culeqyer 
W3 BTOporo HM TpeTbero cooTHOMeHHH (3). Ileppoe KpaeBoe ycuoBue (5) eCTb 
yculoBne (2) B HOBbIX O6O3HAYeHHAX, OCTAJIbHbIe [Ba KPaeBbIX YCJIOBHA (5) O3Ha- 
yaloT OOpallenHe B HyJb Ha [ JeHCTBHTeIbHOH HM MHHMOM 4acTeH pa3HOCTH 
F,—F 3, TOXKAeCTBEHHO ucye3saIOleH B CHITy COOTHOWeHHH (3). 

Jad WoKasaTebCTBa OOPaTHOrO YTBepKACHHA, OUCBHAHO, NOCTATOUHO yCTaHO- 
BUTb TOwKecTBo F,(Z)==O0Fi/0z, Tak Kak TOrfla nepBoe KpaeBoe ycsoBue (5) 
WM mepBoe ypaBHeHHe H3 CucTeMbI (4) NOKa3bIBaIoT, 4TO byHKWMA F1(z) pemiaer 
sanauy B. J[ucdcbepenunpya nocieqHee ypaBuenne (4) onepatopom 0/dz u yun- 
TbIBan BTOpoe ypaBHeHne (4), NOyIHM 

Ma LUE Eee eT (6) 
dzdz 9% z 

B nmepBom ToxecTBe (4) mepeieM K KOMMJICKCHO COMpAXKeCHHbIM 3HAYCHHAM 
HM mpoxudppepenuupyem ero onepatTopom O/dz; c yueTOM TOrO xe MepBOrO TORK e- 
CTBa MOJyuaM 


<0 eee 


aS ae as (BF) = B; Fi+/[B a (7) 


M3 toxyects (6) uw (7) cilenyeT, 4ro pasHocTb F,— Fs; ecTb KOMMJIeKCHO- 
3HauHoe pellieHve ypaBHenHa Jlannaca A(Fy— F;) =0, u Tak Kak w3 nocuel- 
HHX [ByX ycuoBHH (5) culeqyer Tox ecTBeHHOe HcuesHoBeHHe pasHoctu F,— Fa 
Ha TI, to Fy (2) = F3{z) B oOmacru G. Ho torga u3 nocmequero Tok ecTRAa (4) 
nomyyaem OF; /0z = OF,/0z= F2(z), 4eM UW s3aBeplaerca oKa3aTe/BECTBO 
Teopempr 1. 

2. Hasopem sanayy (4), (5) sanauel C. Oro ects Kpaepan 3aqaua Tuna 
Pumana —TuubOepra Avia oumMnTHYecKoli cucrembl (4). BeaKoe pewenve cu- 


ctembl (4), HempepbipHoe B G+’, yqosmeTBopser cucTeme HHTerpaJIbHbIX ypaB- 
HeHHH : 


F(a) = = \\AOfO+20FO 1 0, (8) 


G 


rae o603HayveHo 


Fy 0 00 BOO 
F =| Fe > A= |B|200 k R= Be-Or0 ; o (aye yom. 
Fs 0) 00) 010 ani) t—2" 


OOpaTHO, J060e pellieHue cucrembt (8), rae © (z) — copepuieHHo IPOM3BOVJIbHbI 
HenpepbiBHbli B G+ I’ Bexrop anamTuyeckux dyuKunit, MpecTaBJiveT Tak»Ke 
petenue cucrembl (4). Kpome toro, cuctema (8) paspemm™ma npu mo6oli npa- 
Bolt yuacTH D(z), YTO MerkKO cueLyer U3 paspelIHMOCTH aHaJIOrHyHoro ypaBHe- 
HMA ist OHO PYHKUMH MU 3 crelMambHoro cTpoenua matpuy A, B. Kpaesoe 
10 


yceulopHe (5) B MaTpHuHO 3anucu uMeeT BHI 


Cra, 0) Y 
Re [g (t) F (4)] = A(t), g= (10-1), n=(0), (9) 
i {0 i 0 
Tak uto det g (¢#) = — 2ia(t), téT. 
Mb! mpeQnosIoKHM WIA JabHelwero, uToO (pyHKUHH a, b, y, 3afanHbie Ha I’, 
HeMpepbIBHbI B CMbICIe Tembgepa u uto B, B,EL,(G), p> 2. Kpome ‘oro, 
MbI NpefNoIOxKUM, TO a(t)-— 0 npu wo06oM ¢€T u o6o3HauHM yepe3 x mpH- 


PatllenHue arga(t) mpu oOxoge I B nowoxKUTebHOM HampaBJieHHH: 


= c= [arg det g(t) Jp = a [arg a (t)]r. 


Peimaa cuctemy (8) c npovsBoubHO anamuTuueckoli cbynKuueli D(z) B mpa- 
BOH YacTH, MOJyYHM OOlee NpefcTaBIeHHe BCeX peryJIAPHbIX B G HeNpepbIB- 
HBIX B G-+T  peenni cuctembl (4) uepes TpH aHaluTM4ecKHe (byHKILHH: 


F (2) =o@+\\r, (z, 1) D(t) +13 (z, t) OO] do;, (10) 


G 


rae T(z, t), P2(z, f) — BnomHe onpeeieHHble KOMMJIeKCHOSHaYHbIe =MaTpHILbI- 
PesO/JIbBeHTbI cucTembI (8). CaolicTBa 3THX PeSOJIbBeEHTHbIX MaTpHIL aHasIOrHyHbI 
CBOHCTBAM Pe30JIbBeHT B Cly4ae OfHOrO ypaBHeHns (1). 

3. C vcnomb30BaHHem mpeyctapsienua (10) 3anaya C npueoqutrca K cucTemMe 
CHHPYJIAPHbIX HHTeCrpaJIbHbIX YpaBHeHHH Ap = A, c HeEH3BeCTHOM JelcTBHTebHOu 
BeKTOp-(yHkyweH w(t) (1), MpHyem 9Ta cHcTeMa B CHJIY NpemnouoxKeHHA 
a(t)«0, ¢€I, Oyyxer nopMabHoro Tuna. Ha ocHoBaHHu o6uleh TeopHu cucTeM 
CHHPYJIAPHbIX HHTerpaJIEHbIX YpaBHeHHH HOpMaJibHoro THNMa (*) MoKasbiIBaeTcA 
Teopema: 


0 
Teopema 2. Odxopoduan sadaua C (sadaua C npu h=0), ac neti u 


0 
OOKOpodHaA sadaua B (sadaua B npu y = 0) umetom moabKo KoHeXLHoe 4UCAO 
AUNELLHO He3ABUCUMbIX HAO noAem CeticmeumeAobHoLxX uUCcen peweHuti. JlAA pas- 
peuumocmu sadauu C, a 3Hauum u 3adauu B, Hneodxodumo u Oocmamouno, 
4MOObL BOINOAHAAUCH YCAOBUA 


\ Ad) x(t) ds = 0, [ieee rae 


Ve 
20e ¥; — pewleHUuA conpsArceHHol cucmemot ypasHenutl A*(y) = 0. 
: 0 
4. Bpeyem B paccMoTpeHue ofHopomuyto 3afayy C+, compaxkeHHyto 3ayaye C. 


0 
3anaua Cs. TpeOyetca onpegemutb peryspHoe B oOvlacTH G uw Hempe- 
ppipHoe B G-+T' pewienve conpsxeHHOli K (4) cucTembI AndcepeHiHaJbHbIX 
ypaBHenuit (WITpHx O3HayaeT TpaHcnoHupoBaHne) 
oS aA Ve 


Oz 


YAOBJETBOPAIOULEe Ha KOHTYpe KpaecBOMY YCJIOBHIO 
ui 
Re ES g(t) ¥ (1)] =O, 


rye ¢ =¢(s)—TouKxa KouTypa I’. 

IIpH nomouy Teopempl 2 yCTaHaBJIMBaeTCA HeOOxOHMOe M_ ocTaTOUHOe 
yCIOBMe PpaspelHMOCTH HCXOHOH 3aqaun B B TepMHHaX peleHHH OAHOpPOHOH 
COMpaAxKeHHOH saaun C,: 
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Teopema 3. 3adaua C, ac xe u 3adaua B paspewtumel moeda u mosb- 


0 
KO moeda, Koeda Onn aroboeo pewenua V(z) sadauu C, eoiInoAHAIOMCA YCADBUR 


ja g’-1(t) ¥ (t) dt = 0; 


If 
sadauu Cu B paspeuwume npu armbott npasoti wacmu mozda u moreKo moezda, 
0 


Koeda 3adaua C, He uMecem, KPOMe MPUBUANHOLX, NUKAKUX Opyeux pewlenull. 


O6osHauum eme yepes / ul, UnCIa JHHCHHO He3aBHCHMbIX PelleHHH OHO- 
0 0 
powHbIxX 3aqauy C u C, COOTBeETCTBEHHO. 


Teopema 4. Meocdy aucaamu x, 1, 1, u m cywecmeyem saeucumocme 
[—1,=2x—3(m—1) 


((m + 1) —4ucaro ceasnocmu o6aacmu G). 

V3 Teopem 3 u 4, MexKyy mpouum, culelyeT, UTO eCJIM 3ayqaua B He HMeeT pe- 
menu (1 = 0) u (eS = 3(m—1), To/, = 0, 3HauuT, 3aqaua B Bcerfa 4 OLHO- 
3Ha4HO pa3peuluMa, M OOpaTHO (B (*) STOT pe3yJIbTaT NOJy4YeH HHbIM MYTeM). 

5. B 3aKroueHHe 3aMeTHM, YTO MbI MOM Obl MpesnoaraTb ypaBHeHHe He- 
OXHOPOAHbIM, a Tak?Ke MpefnovlaraTb, uTo B (1) H ycuoBuH (2) BhICTyNalwoT HE 
dyHKuun B, a, 6, a HeKOTOPbIe TpeyrO/IbHbIe MATPHUbI NopszKa n. Torga « 
OyeT paBHO nmpupamenuto arg det a (/) Boob TL, u copmyupoBKknu Teopem 1, 2 
u 3 ocTaioTca 6e3 H3MeCHEHHH; B TeopemMe 2%Ke 4 MbI MOJYYHM COOTHOLIeHHE 


1—1 = 2x — 3n(m— 1). 


Marematuyeckuit uuctuTytT uM. B. A. Crexsopa Tlocrynuso 
Akajlemuu HayK CCCP 3 IV 1958 


WHTHPOBAHHAA JIMNTEPATYPA 
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CHHIryJApHble HHTerpabupie ypaBHeHus, M.—JI., 1946. 3? B. Box peKuid, DAH, 102, 
Ne 2, 201 (1955). * HW.H. Bex ya, Tp. TOnmucck. matem. nuct., 11, 109 (1942). ® HW. He 
Bex y a, Hosple MeTosb pelleHuaA SIIMNTHYeCKUX ypaBHeHul, M.—JI., 1948. 
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Aoxnane Akanemuu nayr CCCP 
1958. Tom 122, Ni 1 


MATEMATHKA 


M. WM. KAJEL 
O CJIABOM WH CHJIBHOM CXOJMMOCTH 


(ITpedcmaenexno axademukom C. H. Beprumetinom 5 V 1958) 


VispecTHo cleqyrollee mpevioxKeHve, CBASHIBAIOMIee NOHATHA Ca6oli HM CHvIb- 
HOH CXOHMOCTH: 
Teopema 1. Ecau nocazdosamenaoiocmb Xn aaemenmoe  paeHomepHo 
eolnyKACeO Npocmparcmea caabo cxodumca K aaemenmy x u lim |xnl =| x, 
n> Co 


mo nocaecosamenbHOcmb Xp cxodumca K x cuAbHO (2). 

Ota Teopema Opblia NepeHeceHa BpiGopHpim (2) Ha JIOKaJIbHO paBHOMepHO BbI- 
ayKJible mpoctTpaHctsa (*). 

B Hac1osljeH 3amMeTKe OyyleT oKa3ana: 

Teopema 2. B aw6om cenapubenoHom npocmpancmee Baxnaxa mootHo 
6BECMU HOGYIO HOPMY, SKeUBANeENMHNYIO Npeocnetl, maKkyto, 4mo OAA <Al0bolx 
BACMEHMOB Xn UX UB 


tnx, lim [xn] =[+| (1) 
wcaeoyem 
lim | *,—x| = 0. (2) 


Mbt jloKaxkKeM 3TY TeopeMy IIa mpocTpancTBa C HeMmpepbiIBHbIX dyHKUHH, 
oupefesieHHbIx Ha [O0, 1], a 3aTeM BOCNOb3yeMcaA YHHBepcaJIbHOCTbIO C B KyIacce 
cenapa6eJIbHbIX OaHaXOBbIX MpOcTpaHcTs. 

Ha MuHOo>KecTBe HenpepbiBHbIxX Ha [0,1] d@yHkuMH onpeseHM HOpMy 


IFOl= max |FOl+ Boe o(F =), (3) 
0<t<1 k=1 \ 
rie @(f, 5) — Mofyab HelpeppilBHocTH dbyHKuHH f (f): 


o(f,6)= max |f(t’)—fF"). 
| t/t" [<3 


Tak Kak w(f,6)<2 max |f|, To wopma (3) SKBMBaIeHTHa HOpMe mpo- 
0o<t< 


¢cTpaHctga C: 
max eA <8 max |] (7) 


0<t< 0<t<1 
IIpocrpaHcTBo HelpepbIBHBIX (PyHKUWH Cc HOpMol (3) Oywqem o6osHayaTh C”. 
JjoKa>KeM HeKOTOpbie BCMOMOraTeJIbHble MpeAJIOxwKeHHA. 
Jlemma 1. Ecau nocaedoeameronocmb 9, (t) cxodumca K KYA 6 KascOoti 
mouxe ompeska [0, 1] u ||\@n/=1, mo das arboeo 6 > 0 


lim ® (Pn, 8) > 13. (4) 


n> Cc 
Bo3bMeM Ny HaACTOJIBKO OOJIbUIMM, YyTOObI JIA BCeX nh > Ny H MpOH3SBOJIBHOTO 
= > 0 nepasencrBo |, (¢)| << BbINOJIMAIOCcb Ha MHOxKecTBe E, Mepa KOTOporo 
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Somme 1— 8. Ec 9, (t/) = max |on(t)|, 1, €E u |t,—t,!<6, To 


O0<t<1 


| on (t’,) — on (t')| > max |¢n(t)|—¢, 
0<t<1 


oTKyya cuenyeT (4). 
Jlemma 2. Ecau nocaedoeamenrbnocmb 9,(t) cxodumcA K HYAO 6 KAK- 
Ooti mouxe ompesKka [Q0, 1], mo 


lim @(f +n» 8) > @(f, 8) (5) 


n> oO 


Oana soboti Henpepoienoti dynkyuu f(t) u 6>0. 

Iyctp |t’— t"|<du |f (t’) —f (t”)| = @(f, 6). Bo3bmem 1, wactombKo OovIb- 
IUHM, 4TOOHI WWIA BCeX > My HU MpOH3BOJIbHOrTO ¢ > Q BbINOJIHAJIMCh HepaBeH- 
erpa |@n(t’)| <<¢/2 wu | on(t")| << 2/2; Torga 


FEV + en) - FC) — on ONS FE) -FeE 8, 


oTKyfa cuienyeT (5). 

Ilyctb Tenepb 9, €C*—cua6o cxojsilaica K HYJIO MOCJeAOBaTeJIbHOCTb. 
Taka, 4TO ||, > 3¢ > 0, a f —nponsBoubHbIli anemenT us C”. Onpefxerum 
wuufeKkc q = qg(s) Tak, 4TOOBI 


4 
of, -)<-g mpH k>g. (6) 
BplOepeM n Tak, YTOObI YOBJICTBOPHTb YCJIOBHAM 
< 1 4 € 
Qi selon | lane (7) 
h=q-+1 2h ( e) A 


4YTO MOX%KHO CeJlaTb Ha OCHOBaHHH (4), H 


iE 1 
Cymmy 43 (3) pa306bem Ha J[Be: 
ies q 
SVL A sn Pe ag = wails 
ey ah OE TH Pas ae or O(F + On -)+ Pr: o(F+ ons ay 


OmeHuM CHH3Y Kak] yio H3 NOJIYYeHHbIX CYMM 


q q q 
4l 1 a 4 1 € 1 
Dore (Ft em =)> dor elf <=)- an|> ae (f= <)- Te 
=1 k=1 ha 4 
Se i. ht a7 1 a 
ea) ices a ae) ee 
k=1 k= k=] 
B 9TOM OeHKe MbI BOCHOJIb3yeMCA HepaBeHcTBaMH (8) u (6). 
BropytO CyMMy OlleHHM C MOMOUIbIO HepaBeHcTB (7) u (6): 


fo) ms BS 
4 1 Tot 4 4 A 
> 7 (i t On, = SS <= ©(4n <)- > —- Ol], ES 
° é 2 k ge OAR 
ede h=q-+1 h=q+1 
~O) gp sitehdnanee 
—og+1 9g+8 9gt8" (10) 


Crowns (9) uv (10), noryuum 
“1 { 

Sage i+ 9,, aay > 
2 2eave\ k 
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Tak Kak, Kpome Toro, 


lim max |f + ¢,}> maxf\, 
meet eal 0<t<1 


TO 


? 


lim | f+ eal] >| 


fl> CO 
oTKya CJlelyeT cnpaBelIMBOCTb Teopemp! 2. 

B jaJbHeiiiuem MbI OyeM paccMaTpHBaTb MpocTpaHctTBa, yAOBMeTBOPAIOLLHe 
ycopuaM (1), (2) 4, Kpome Toro, crporo HOpMupoBaHHbie. Takylo HopMupoBKy 
MOXKHO MOJIYYHTb, H3MeHHB (3) CueLyIOULHM o6pa3somM: 

oc 


=a "Io 
I= max |7(0) + \P Oat | pedi elie. (3a) 


0<t< P or 


IIpwmMenum Teopemy 2 K JoKa3aTesLeTBY CJleAyIoWlero MmpeqoxKenus. 

TeopemMa 3. Cenapaberonvie pedaekmusnole npocmparncmea Banaxa 
MONOAC2ULECKU AKEUEANCHMAHOL. 

Ilycts X —cenapaGesbHoe ped)eKTHBHOe MpocTpaHcTBO, YOBJIeTBOpsAIOULee 
(1), (2) uw crporo HopmMupoBaHHoe. PaccmoTpHM cHcTeMy JIHHeHHbIX nognpo- 
cTpancts Pp D> P;D P,>... Takux, uro def P, =n, a mepeceuenue Bcex Py, 
COJepxKHT TOJIbKO HYJIb NpOcTpaHcTBa; TaKaH CHCTeMa CYII[eCTByeT BO BCAKOM 
cenapa6eJIbHOM OaHaxXoROM mpoctpaHcTBe. Jia Kaxkjoro aIemeHta x € X BBeeM 
MOCMeNOBaTeJIbBHOCTh yKJIoHeHHK fH, (x): 

Tas) = mi ey de SO tl 2 el). 
yE n 

CyulecTBoBaHHe HW e(HHCTReCHHOCTb 3JIeMeHTa Hawryulero npHOmMxKenna x”) 
OGecneuHBaIOTCA COOTEETCTBEHHO pecbJIEKTHBHOCTbIO WH CTPOrOH HOPMHPOBaHHOCTHIO 
mpoctpaHctna X, Jia m060ro0 n, oueBH AHO, 


Hn (Xx) < Anta (*) <|/*I- 
Bocnovib3yemca TeM, 4TO Kaxkjoe P, pasOuBaeT Pp, Ha TpH YacTH 
Ppa = Prat Pa+ Prop 
H MOCTPOHM MOCeCAOBaTeJIbHOCTh (PYHKILMOHAJIOB €p (xX)! 


e (4) == |, ecH x1) € P_,; 
eye ney ag (a), ecnH x) € P,, (Rec C. Hea (x) alate) 
en (x)= — 1, ecu x("—-1) € Pry. 
Kpome toro 6yjeM CuHTaTb ¢)(x) = 0 Aa mo0Ooro x. 
Jlemma 3. JZycmb hy, he, . . ., An — NocaedoeamerboHocmb Oeticmeume AbHOdLXx 
UUCCA, YOOBAEMBOPAIOWUAA YCAOBUAM 
[Aj |<| Ait}; ecau |hj|=|Ajti|, mo hy = hj. (11) 
Muoorecméo Qn alemeHmoe x makux, 4mo 
en (x) Hy (x) = hy (R< 71), (12) 
Henycmo u noayuaemca u3 Pp, ecau K Kancdomy YE Ph npudaeumb OOUH 
mom oe ademenm x, yOosraeméopsrouut (12). 


Tloka3aTeJIbcTBO 3TOM JIeMMbI MIpHBeeHo B (*). 
Jlemma 4. Kaxoea 601 nu OblAa OepanudenHaa nocaedosamenbHocmo Oeti- 


cmeumenonolx uucen hy, ho, hs,..., yOoenremeopsioujasn (11), cytuecmeyem 
COUHCMBEHNOL aAeMeHM X, OAA KOMOpOZO 

SHA Vilih re Une (RE ae Lec a (13) 
npuamom |\x|| = lim Hy (x). 


oO 


MuorKecTBO 3/ICMeHTOB, yHOBJeTBopsoWHx (13), ecTb mepeceyenne lI Qr 
1 


MHOKecTB, yLoBseTBopsiomux (12). JjocraTouHo, cvlefoBaTeMbHO, MOKa3aTb, 
15 


yTO 9TO Tepeceyenve cofepxKUT B TOUHOCTH ofuy Touky. JlonycTHM, 4TO 
Cc 
II Qn COMepKHT aQeMeHT Xx, Tora, CormacHo JemMe 4, Kaxyoe Qn =x-+ Pa, 
2 foo) o co 
HM BCA COBOKynHocTh {Qy}; OKa3bIBaeTCA KOHTpy2HTHOH {Pn};. Tak kak 
foo} foo} 
Tes NO ONpeAeJIeHHIO, COWep%KHT eHHCTBEHHbIM 9JIeMeHT, TO H I] Qn co- 
i il 
fos} 
JepxKHT e€MHCTBeHHbIM QJleMeHT. OctTaeTca 0Ka3aTb, 4TO lakes Henycto. Pac- 
1 
CMOTpHM TlepeceyeHHA MHOKeCTB Qyp HM Wapa S C MpOu3BOJIbHbIM payHyCoM 
A> lim |A,|. Tloayyenubie HenycrTble BbIMYyKJIbIe 3aMKHYTbIe MHOKeCTBa OOpa- 


i> CoO 


3yloT yObIBalolly10 mocegqoBatembHocTb. Ilo reopeme B. JI. Umyspana (°) ne- 
peceyeHwe 9THX MHO%KeCTB HemycTo. TakuM oO0pa30M, CYyII\eCTBOBaHHe H eJMH- 
CTBCHHOCTh 9JIeMeHTa x JoKa3aHbl. Tak KaK A MoxeT ObITb B3ATO CKOJIb YTOMHO 
61u3KuM K lim |A,|, TO OAHOBpeMeHHO OKa3aHO paBeHcTBoO |x || = lim H, (x). 


tl> © n> © 
IIpexme vem nepeliTH K JOoKa3aTeJIbcTBy TeopeMbl 3, 3aMeTHM, 4TO eCJIM 
MOC NOBATEIbHOCTh X, Ca6O CXOJHTCA K X, TO 3JIEMEHT Xp C POCTOM 7 He- 
OrpaHH4eHHo MpHOMKaeTCA K KaxkKJOMy Q,, COepKallemy x, H NosTOMy 


eG BED aie Bl siula ale 0) Pell 7 = er. ORR 


sp(x) =Ssliin en (Xn); ecuH Hy, (x) < An (x); (14) 
64 (%) = ep25:(X), ecumintieta (0) == Hy lx)e 


Ilyetb Tenepp X u Y —cenapa6eububle pedpJeKTHBHbIe mpocTpaHcrsa, 
yAoBsieTBopsiouHe (1), (2) H crporo HOpMHpoBaHHble; mycTb Avis 9JIEMeHTOB 
Kaxkoro H3 HUX oOnpefeleHbl! yKmoHeHHA H;,(x) u Ap(y) HW PyHKUMONaBI 
Sx (xX) HW ee (y). Kaxgomy suiemMenty x € X moOcTaBHM B COOTBeTCTBHE 3JIeEMeHT 
y€Y vax, urobpi 

en (x) Hn (x) = en (y) Healy) (k=1,2,...). (16) 
ITO COOTBETCTBHe B3aHMHO-oAHOsHaYyHOe. TloKaxkeM ero HempepbiBHoctTb. Ilycrb 
Xn WU X — MPOWSBOJIbHbIe J/IeMeHTbI U3 X 
I tp x. (16) 
Noo 

Tax kak Y pemexruBHo, TO COOTBeTCTBYIONaq MOCMeAOBaTeIbHOCTh Yn 

ca60 KoMMakTHa. CorviacHo (14) HHkakaad ee MOJMOCIeLOBaTesIbHOCTh He MOKeT 


cula6O CXOAMTBCA K SJIEMeCHTY, OTJIMYHOMY OT 9dJIeMeHTa Y, COOTBETCTBYIOUIErO x, 
HW MosTOMy 


Yn—>Y. ~ Cl) 
CorsacHo semMe 4 |Xnl|=(Ynl; |x =||y|, orkyna 
lim | yall =[y I. (18) 
V3 (17) u (18) caenyer, uro 
Ngee neta He 


TouwHo Tak 2%Ke JOKa3bIBaeTCA HenpepbiIBHOCTh OSpaTHOrO coorBeTcTBuA. 


TakuM o6pasom, mpoctpatcrsaa X nu Y romeomopiubl, uro Mw JoKa3biBaer 
Teopemy 3. 


XaPbKOBCKUM aBTOMOOMbHO-OpoxHEI Tlocrynusto 
WHCTHTYT 4 1V 1958 
HWUMTHMPOBAHHAS JIATEPATYPA 


+B. JI. Umyapnsu, JAH, 24, NM 7, 647 (1939). 2 R. V¥ borny, Casop. Pest 
Mat., 81, Ne 3, 352 (1956). 2 A’R.'Lovaglia, Trans. Am. Math. Soc, 78, Ne 1, 225 


(1955). *M. HW. Kageu, Yen. mate. nayx, 10, Ne 4, 137 (1955). *® B. JI. Ol 
Matem. cOopu., 5 (47), Ne 2, 317 (1939). : Ge) PIE MY TbAN, 
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Aoraaygs Akayemun nayx CCCP 
1958. Tom 122, Ne 1 


MATEMATHKA 


A. B. JIOTOWKHH 
OB ACHMIITOTHYECKOM MOBEJEHHM AHAJIMTHYECKHX ®YHKILMM 
(ITpedcmaeaexo axademuxom C. JI. Co6oaeceim 25 IV 1958) 


B pa6ote yKa3bIBaeTCH HEKOTOPad 3aBHCHMOCTb Mex TY acHMUTOTHYCCKUM 
NIOBeJTCHHEM 7 
co 


FR) = Di (1) Faget = a2 = aye 4 ag eon (1) 


See 


MpH Z—>oco BONb elCTBHTeJIbHOH MNOJOXKUTebHOH OCH HU aHavwMTM4ecKuMU 
CBOHCTBaMH (PYHKIUHH Gs; = a(S), KOTOpad B OCHOBHOM paccMaTpHBaeTcA Kak 
palMonaJIbHad (PyHKMMA KOMMeKcHoro nepemMeHHoro s. J\ua storo curyyasa f (z) 
MOXKeT ObITb “AaHaJIMTHYECKH MpoAOJbKeHa Ha BCIO MoOWyocb x > 0. Ecau B nowy- 
muiockocTH Re(s) > 0 (yHKuMaA ads He WMeeT MomocoB, To f(x) crpemutca kK 
KOHeYHOMY TIpefesy. Ecuim Gs uMeeT NOwMOCbI B sTOH MOMyNocKocTH, TO f (x) 
HeOrpaHHYeHHO pacTeT, TIpHYeM NOpAOK pocTa 3aBHCHT OT aGciyHccer camoro 
mpaporo Movoca. SHat MOJIOCbI As, MOYKHO yKa3aTb HE TOJIbKO NOpAAOK pocra, 
HO HM TOUHYIO acHMMToTHYecKkyio (bopmyvly win f(x). Ora sapucumoctTb, u 
TIpHTOM B TOH 2e caMOH (PopMe, OKa3bIBaeTCA CnpaBeIMBOH He JIA OJHUX 
TOJbKO pallHOHaJIbHbIX (PYHKUHH As. Secb Mbl OrpaHHuHBaemcaA JONOJIHUTEJIb- 
HbIM YKa3aHHeM TOJIbKO Ha Ooslee WJIH MeHee u“acTHble KJaccbl YHKUMH, WA 
KOTOPbIX YIMOMAHYTbIe CBOHCTBA HMeIOT MeCTO. 

Onpelemenue. PynkuHA As HasbiBaeTcA OOJaqalouleHh CBOHCTBOMA, 
eCJIH OHA OMpeweeHa B WebIx TouKax QO, 1, 2,..., pay (1) cxogurca B HeKO- 
TOpoH OKpecTHOCTH TOUKH z=0O, f(z) aHanuTHYecKH mpoomKaemMa Ha BCIO 
noyocb x > 0 HM CTpeMHTCA K dQ) pH x->o0. 


Jlemma. Ecau n-a pasnocmb A"as @ mouke 0 Ora DYyNKYUU as NpU N—>oo 
CMpemMumcA K NYA, MO As U as/I' (s+ 1) o62adatom ceolicmeom A. 

Teopema 1. Ecau as ecmb payuonanonan yAKyuA, He UmeoWaA NOAIO- 
coe 6 noaynaockocmu Re(s)>0, mo as u as/[. (s+ 1) e6e o6nadatom ceoti- 
emeom A. 


Tloxa3satempcrTso. Tloxaxem, uto A"a,—0 npw n-soo. Jaa muHoro- 
quleHa yTBepxkqeHve oveBn HO. IIpu nasMynH MOJOCOB JocTaTouHO paccMorpeTb 
cryyat as =(s—p)—", roe Re(p)<0. O6osnauum p= —q,  Re(q) >0; 
moNOKUB F, (x, g) = x*—te—% (1 — e-*)", umeem faa n> 0) 

a ; =e 
\ sas veh aend Puen Rr eat 


er | OE ear) (le 


Ayn = 


ou = 8 


0 


Bo3bMeM TIpOH3BOuIbHOe X) > 0; mycTb 
pre: \ gee pidsad lei el Ne NADIGh 
0 yee 
Torga 
[ A“ ao | Spo lil + He) 


ae iy 
2 3aKa3 783 


SalakuM mpovsBouibHoe e >>0. Tak Kak Aus JoOoro # 


Hal < Pals Re(g)) de <\ xt te*Re de, 


TO Xp MOXKHO BbIOpaTb CTO/b OOMbIIMM, YTO MIA BCexX N OyJeT BbINOMHATECR 
HepaBeHcTBo |/,|<(e. B unterpane J; Mbl uMeeM O<X¥ < Xo, O<1l-—evr< 
<l—e-*=)<l, culeqoBateJIbHO, 
Xo 
[Ta <m xk—-1e—*Re(a) dx, 
0 


rye BTOpoli MHOXKUTeIb B MpaBoli YacTH He 3aBHcuT oT nN. Orcioya JA BCex 
jlocTaTOUHO OOvIbIUMX 1 cnpaBequHBo |/,|<s, HM Tora 


2e 
[A°al<G=a° 


Teopema 2. Kasdan yeaan dynkyus as 1-20 nopsdkKa muna oe 
o62adaem ceoticmeom A. 

Tloxa3atTeapberso. M3 nepaBeuctsa | as |< Me®'s! gaksouaem Just pata (1), 
uTO ero payluyc cxomumoctu R > e-°. OOosHauum yepes (s) PyHKIHIo, acco- 
WuupoBaHHy!0 mo Bopesmo c as. Uspecruo, uro p(s) perysapHa BHe OKPy2KHO- 
ctu |s[ =o HM ad, BO BCeH MJIOCKOCTH MpefcTaBJAeTCH Yepes Hee HHTerpaJsioM 


il : 
as = Far \erth (0) ah, (2) 
e 
rye 3a KoHTyp C MoxeT ObITb MpHHATa OKpyxHocTb |C| =r, o<Cr<czm. 
V3 (1) u (2) BbireKaeT, 4TO HalideTcaA xX) >O Takoe, 4TO AIA ON KK Xo, 
MOXKHO HalvcaTb 


4-+-xeo * 


IIpH duxcupopannom x >0O novtocamH BbipaKeHuat (1— xeS)? Oygzyr 
C= —Inx+(2k+ 1)xi (R=O, +1, -+2,...). Bee onn stexat Ha mpaAMon, 
NepneHIMKYJIApHOH JeHCTBHTeJIbHOH OCH, MW MpH BOspacTaHHu x oT 0 JO 20 
aOcllvcca STHX NOJIOCOB OyfeT H3MeHATHCA OT CO BO —oo. IIpu sTOmM nNowmtocEr 
MepeMellaloTrcnA MapaJvieJIbHO MeHCTBHTeJIbHOH OCH HM Ha UYTH He BCTPeTAT 
KonTypa C. Orcioga culeqyeT, 4TO MpaBat yacTb (3) — peryaspHad PyHKWuA 
OT x He TOMbKO It OSX <X), HO M Ha BCeH NoWyocH x >0. Henocpenx- 
CTBeHHO 3 (3) culeqyeT, TO f (X)—> ap) IPH X—> oo. 

B 9ToH Teopeme ycJIOBHe ¢<( 7 HeJIb38A 3AMCHHTb OOJIee claObIM, TaK Kak 


dare 
AA PYHKWMH as = , Sinas (¢ =) yTBepxKeHHe TeopeMbI y2Ke HeBepHo. Ho 


HA3KHH pocT caM no ce6e He SABJIAeTCA HEOOXOAMMbIM YCJIOBHeEM Id copaBesl~ 
JiMBocTH cBolicTBa A. Tak, Hanpumep, (yukuua 1/['(s+ 1), oveBngHo, o6ma- 
jlaeT 9THM CBOMCTBOM, HM, OJHakO, ee THI o = co, BBudy oco6ol pom mHo- 
x«uTeIn 1/P (s+ 1) B cocraBe KospHuneHTOB CTeMeHHOrO psa IpHBeyemM OAHY 
TeopeMy, JOKAa3aTeJIbCTBO KOTOPOH aHaJIOrHYHO mpeWuecTBy!ouleMy. 

Teopema 3. [Tycmo as;—yeaan dyxkyua 1-20 nopsOKa muna o< 7/2. 
Toz0a He MoAbKO as, HO U As/I'(s +1) o062adawm ceoticmeom A. 

MuoxKecTBo (PyHKWHH ds, JIA KOTOPbIX MOXKHO YTBEpKaTb CipaBeVIMBOCTE. 
cpolictpa A, JlomycKaeT JlasbHeiiuHe pacuimMpenusa. Tpusegem 6e3 oKasaTevb- 
CTBa CJI€JYIOULyIO TeEOpeMy «KYMHOXKeHHA». 

Teopema 4. Ecau (s) o62adaem ceoticmeom A, mo amum oe céoti~ 
cméom o6nadaem as=¢(s) w(s), 20e w(s)—au6o aban payuonanronas 
@YHKYUA, He UmeroLan NosTOCOe 6 Noaynaockocmu Re(s)>0 u @ 6ecKkoneu~ 

oO 


(x) =%—-=-\9O (3) 
G 


Hocmu, Aauéo pad JIupuxae » b,R-S, abcomomuHo cxodawmutica Oan Re(s)>0, 
pe 


au6o T(8)T'(s + «)/T' (s + 8)T (a), 20e Re(8) >Re («) > 0. 
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PaccMorpyM Tenepb culyyali, Korya Gs HMeeT MOJOCLI B paBoH noJlym10- 
ckocrH. Byyem mucatp f(x)~ (x), ecu f(x) =9¢(x)(1+%); 47-0 npn 
Xx —> 00, 

JlemMa. [Tycmb 0<Re(p)<1 uau p=0. Ecau (x) o6nadaem ceoii- 
cmeamu: 1) @ oKpecmxocmu x=0 umeem cxodaueecn pasaooteHue euda 
p(x) = bx +...; 2) Oonyckaem axaaumuueckoe npodoascenue Ha noAyoco 
x>0 u p(x) ~ Ax? (Inx)*, ede A—npouseorbHoe KomNaeKCHOe 4wuCAO, He 
paeHoe Hy AIO, %>O0 yYenoe, mo ynKyusn 


x 


7.(x) = xP | e1-n§ (t) di 
0 
odaadaem memu sce céeoticmeamu 1), 2) u 


(in <j" * 

I (x) ~ Ax? nee ee - 
Teopema 5. Iycmbo a,— payuonanrcHaa bynKyun, Umea noatocet 
6 noaynaockocmu Re(s)>>0, npusem nu OOUK Us amux Nnontocoe He Umeem 
Yenolul AOCYUCCbL, KPOMe Ppasee MOALKO mouku s—=O0, KOMopaA moocem OolMe 
noaocom. O6osHawum 4epes p Camolti npaéoiti noatoc. II pednoaonum, umo 

Ha npsamott Re(s)= p @ynkyun as He umeem Opyeux noarocoe. 

Toeda pad (1) umeem anaaumuueckoe npodoanceHue Ha noayocd x >O0 te 


m 
—m woe 6 cayuae p=0; 
f(x) ~ : (4) 
T (In io y 
C—m Sin pr (m— 1)! ae 6 cayuae Re(p)>0, 
ede m—KpamxHocmb noawca s =P, C_m— Koadduyuerm npu (s— p)-" 


6 MepomopdHolt uacmu As OAA aMoe0 Noatoca. 
Jloka3aTembcTBo. PaccmorpHM cHayana caryuat 0 < Re(p)< 1. Ilyctp 


0 se ees et a 
VP) fy iAP) 
MOCJI€AOBATeIbHOCTh pxAJOB C OOWHM payuycom cxofzuMocTn R= |. 
iat Oe X=) 
x 


> t 
ona (x) = x0 | Rae, k= 0, Tee Ane 


Ipoh k=0 
1 (x) = xP 


dt NE 
ies Ke 
t (4 + t) Sin pt 


Tloub3yacb JIieMMO, HHAyKIHeH JoKasbiBaeM yTBepxKeHHe TeOpeMbl AA 
yuo6oro wesioro m> 1. Tlepetru u3 nepspoit mosoctt 0 < Re(p)< 1 Bo Bropy1o 
1 << Re(p) <2 MoxHo, paccmarpuBan b, = 51; HT. A. Culyyali momoca s = 0 
BbIBOJMTCA HeMOCpeJICTBeHHO H3 JI@MMBI. 

Oxa3bipaeTca, YTO yTBep?KeHve TeopeMbI 5 cripaBeJJIHBO He TOJIbKO ]WIA 
pallMOHaMbHBIX :pyHKuHH as. Tak, HanpuMep, HMeeT MeCTO: , 

Teopema 6. Acumnmomuyeckue opmyavl (4) epHoi Oan Kancoot MyHK- 
Yul A, Buda as =1(s) (Ss), ede r(s)— payuoHanonaa ynKyus, yoobnemeéo- 
puolwlad ycaosuto meopemo 5, a o(s) NpuNadsenum K OOHOMY U3 CAEOYIOWUUX 
eudoe: 1) 1/T¥(s +1); 2) Yyensan gynKyusn nepéeoeo nops0Ka muna o<im; 
3) cymma pada J[upuxae, abcoswmmuHo cxoOnuezoch 6 noAaynaocKkocmu 
Re(s) > 0; 4) P(@)P(s +a (s+) (a), 2de Re(B) >Re(a)>0 (p u cm 
NO OMHOLWEHUIO K As NOHUMAIOMCA 6 MOM Ie CMbICAe, KAK U 6 meopeme 5). 

Jloka3aTeJIbcTBO OmycKaeTCA 3a HeOCTaTKOM MECTA. 


Vipanoscknit rocyapcrBeHHblit 
nmeqarornvuecKHil WHCTHTYT 


Tlocrynu1o 
10 II 1958 
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Jioxnuagp AkaweMun HayK CcCCccP 
1958. Tom 122, Ni 4 


MATEMATHKA 


A. B. MOPOPEJIOB 
O MPEOBPA30BAHHM W30METPHYHbIX MOBEPXHOCTEHM 
(ITpedcmaeaeno axademuxom B. H. Cmupxoeoim 30 IV 1958) 


B stro 3ameTKe Oyler Jaw CTaHapTHbIM CmOcoO COMOCTaBUTb Kako Mape 
H30METPHUHBIX MOBepXHOCTell IpocrpaHCTBa MOCTOAHHOM KpuBusHbI K=40 mapy 
H30MCTPHUHBIX MOBePXHOCTeli SBKJIMOBa IpOCTpaHcTBa, HM OOpaTHO, KaxOM 
tape W3OMeTPHUHBIX MOBepXHOCTeH SBKJIMOBa MpoOcTpaHCcTBa — apy H30MeT- 
PUYHHIX MOBePXHOCTeH MpOCTpaHCTBa NMOCTOAHHOH KPMBU3HbI. OTO NaeT HOBbIii 
MOAXOL K mpoOeme OAHO3SHAYHOM OMpeeeHHOCTH. BbIITYKJIbIX MOBePXHOCTeH B 
MIpocTpaHCTBaxX MOCTOAHHOM KPHBU3HBI. 

He orpanuunpaa o6mHocTu, Oyem npelnonarath K = 1 Aaa 2aunTHYe- 
ckoro mpoctpauctBa u K = — 1 fais mpocrpancrsa JloOayescxoro. 

Ilycrb R — 3mmuntuueckoe mpoctpaHcTBo. BBegzem B R BehepuiTpaccoBbl KO- 
opauunate x; (i = 0, 1, 2, 3) m conocraBHM kKaxKJOH TOUKe MmpocrpaHcTBa R 
apy TOYUeK YeTbIPEXMePHOFO SBKJIMAOBA MPOCTpaHCTBa C WekapTOBbIMH KOOPAH- 
HaTaMu X; H —X;. OTH TOUKH 3anOJIHAIOT EAMHMUHYIO Cepy, Tak Kak BeHepliTpac- 
COBbI KOOPJIMHAaTb! YOBJIETBOPAIOT YCJIOBHIO 


Qs 2 2 Delano 
XP = x2 x2 x2 4. x2 = I. 
OoosHauum Ey TpeXMepHOe SBKJIMJOBO pocTpaHCTBO xX, = 0. 
Teopema 1. /lycmo 6 aaaunmuueckom npocmpancmee R umeem O6E U30- 
mempuanole noeepxnocmu F’ u F", 3adannole ypaenenuamu 6 6elieptumpaccoéeolx 


Koopounamax 
Ki LAU, Oli eae 80), 
npuuem coomeemcmeyroiuue no U30MeEMpPUU MoUKU NoeepxHOcmeti umerom odU- 
HAKOBbIE KOOPOUHAMbL U, V. 
Toe0a ypaeHeHuAmMu 6 OeKapMoOBbLX KOOPOUHAMAX Y; 
x’ (u, Vv) — ey (x’ (tu, V) ep) 
Co (#" (U,V) + x" (U, O)) ? 


y= x" (u, 0) — eo (x" (u,v) &) (1) 
q(x" (u, ¥) + x" (ut, 2) 


Y= 


sadanmcn Ose UsOMeMpuUHOle NoBepxXHOCMU 6B 9éKALLOOGOM Npocmpancmee 1 
B ypapuenuax (1) @9 —eMHMUHbI BeKTOp MO OCH Xo, a CKaJApHoe IIpo- 
U3BeeHve Bbipaxkaerca OOLEHOH cbopmysoi. 

_llyctb Tenepb K— npoctpauctsBo Jlo6ayescxoro (K =—1). Bregem BR 
BeHEPLITpPaccOBbl KOOPAMHATbI xX; HM COMOCTaBHM KaxKOH Touke R TouKy yeTBI- 
PeXMepHOro SBKJHOBa MpOcTpaHcTBa C MeKapTOBbIMH KOOpyAMHaTamu x;. TIpu 
stom K oToOparxkKaeTcH Ha J[BYXMOJIOCTHBIA runep6o0ny 


Ha 2 2 Dr ae 
Mb +B eS — |. 


Teopema 2. Iycme 6 npocmpaxcmee JIobauesckozeo R umeem O6e us0- 
ALL 
mempudnole noeepxnocmu F" u F", 3adaeaemble ypaeneHuamu @ 6etie plumpac- 
coeblX KOOPOUHamaXx 
Kase (UU) we 
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To2da ypaeHenusamu 6 OeKapmoselx KOOPOUHaMAX Y; 

x’ (u, 0) + eo (x’ (u, 2) ep) 
€y (x (U, VI) +x" (u, v)) ? 

x" (u,v) + eo (%" (U4, 2) 5) (2) 
€o (X’ (u, ¥) + x” (u, 2)) 

sadaiomca O6e Us0MeMpUUHole NoBepxXHOcMU 6 séKALOCBOM Npocmpancmee Ege 


B ypasHenuax (2) CKasapHoe mpovspeyenve Geperca m0 OTHOMeHHIO K 
(popme 


y= 


Y= 


ea VS 2 2 2 
oN ie Soe iP ei ae | 
Teopema 3. Iycme 6 aekaudoeom npocmpancmee Ey umeem Oee us0- 


Mempuunole nogepxrocmu ®&' u D", sadaHnole @ OeKapmosdIx KOOPOUKamax 
Yi YpaeHeHuAmMU 


y=y' (u,v), y=y" (u, 0). 
To2da ypaeHeHuAmUu 6 BeliepiLMpaccoéBblx KOOPOUMAMAX Xx; 


x = p (2y' (u, 0) bey (1 —y? (u, 0) + "2 (u, 0))}, . 
x =p (2y" (u, 0) eo (1 —y2(u, 0) + (4, 0))} ) 


6 aAAUNMUYeCKOM Npocmpaxcmee R (K = 1) sadawmca dee us0mempuunole 
noeepxHocmu. 

B ypapHenuax (3) 9 —HOpMMpyIOMMH MHOXKUHTe/b, OMpeyedsnempili ycso- 
BHeM x° = 1, a CKaJIApHOe MpousBeyeHHe onpesemeTca OOBINHOM copmyvioii 
Jit BEKTOPOB UeTbIPeXMepHOro MpocTpaHcTsBa. 

Teopema 4. /]ycmo 6 s6Kaudoeom npocmpancmee E,, umeem ee u3z0mem- 
pusHole nosepxnocmu BD’ uD", sadannole 6 OeKapmoé6olx KOOPOUHAaMAX Y; YypaeHe- 
HUAMU 


Il 


y=y (u,v), y=y" (4, 0). 
To2da YpaeHeHUuAmu 6 beliepiLmMpaCcoBelx KOOpOUHamaAX x; 
x =o {2y’ (u, v) te, (1 —y” (u, v) + y? (u, v))}, 
(4) 
% =p {2y" (tu, v) + ey) (1—y™ (u, v) + y (u, v))} 
6 npocmpancmee JIobaueeckozo R (K = —l) 3adatomca dee usomempuunole no- 
eepxHocmu. 

B ypapyenusx (4) CKaJIafpHoe yMHOmKeHHe OepercaA OTHOCHTEIbHO KBa- 
paTH4HoH tbopmbI—xg ++ xy -+ x3 -- x3, a HOPMMPyrONHit MHOXKUTeIb p oMpe- 
ylesiaeTCH yCOBHeM x? = —l. 

Bo ecex meopemax 1—4, ecau OaHHole nobepxXHocmuU Npocmo KOHKepysHMHoL, 
m. e€. Ccoemeujaromes OeurIceHuemM, MO noAyuaemole nosepXHocmu mooie KOHepy- 
IHMHOL. 

IIpupezem mpumep ucnomb3s0BaHusA Teopembl | AIH NOKasaTesIbCTBA OJHO- 
3HauHOM OMpeeCHHOCTH 3aMKHYTHIX BbIIYKJIbIX MOBeEPXHOCTeH B 3/MMNTHYe- 
CKOM lpocTpaHcTse. 

Ilyetp F’ u Ff" —3aMKHyTbIe H3OMETPHUHbIC OJMHAKOBO OPHe€HTHPOBaHHble 
BBINYKJIbIe WOBeEPXHOCTH B 9/JMNTHYeCKOM mpocTpaucTBe K (K = 1). Pacno- 
joxKuM moBpepxHoctu Ff’ u F” Tak, YTOObI OHM He MepeCeKasM MIOCKOCTb X) = 0. 
Tora BeepliTpaccoBbl KOOPAUHAaTbI TOUCK MOBEPXHOCTeH MO2KHO HOPMHPOBaTb 
JIONOMHUTEbHBIM YCOBHeEM xX )>>0. Ilepepegem fanHbile noBepxHoctu fF’ u Ff”, 
OcTaBadcb B OGMACTH Xo >>0, B TaKkoe nomoxeHHe, uTOOHI ToOUKa (1, 0, 0, 0) Oxia 
BHYTPH KaxKOH M3 NoBepxHocrTel. 

Ecaum Tenepb B3ATb ypaBHeHua (1) CO 3HaKOM IJHOC B 3HaMeHaTeJe, TO 
coonwemcmeyrouue nosepxHocmu aeKaudoea npocmpaxcmea Ey OyOym He moAvbKo 
USOMEMPL4HOLMU, HO WU GolnyKAvimu. A Take MOBepXHOCTH, Kak H3BeCTHO, KOH- 
rpysHTHp. CreqopatesbHo, nopepxuoctu F’ u fF" ToxKe KOHTPYySHTHEI. 

Hoerymuso 
28 IV 1958 
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Jloxnagn Aranemun nwayr CCCP 
1958. Tom 122, Ne 4 


MATEMATHKA 
K. M. ®AUIMAH 


O CBA3H METOJA BJIM3KUX CHCTEM B CIEWMMAJIbHbIX JIMHEHHbIX 

TONOJIOTHYECKHX MIPOCTPAHCTBAX C HEKOTOPbIMH BOTIPOCAMM 

TEOPHH BO3MYLJEHMSA JIMHEMHbIX ONMEPATOPOB B BAHAXOBbIX 
MIPOCTPAHCTBAX 


(I]pedcmaeaeno axademuxom B. H. Cmupuocoim 28 IV 1958) 


B uacrosulel 3aMeTKe MOKAa3bIBAeTCA BO3MOXKHOCTb TlepeHeceHHA pxvya 
Pe3yJIbTAaTOB TEOPHH BOSMYLLeHHA JIMHeHHbIX OMepaTOpOB B OaHaXOBbiX MIpocTpaH- 
cTBax (1) Ha HeKOTOpble JIMHeHHble TonosOrHyeckHe mpocTpancrBa. B yactHo- 
CTH, C aOcTpakTHOM TOUKH 3peHHaA OcBelllaeTca MeToy OwMsocTH M. A. Eprpa- 
(popa B aHamHTHYecKOM npoctpaHcTBe ((?), ru. IV, §§ 3, 4), 4ro no3sBousAer 
He TOJIbKO YCHJIHTb H3BeCTHbI€ Pe3yJIbTAaTbl, HO HM paClMpHTb Kpyr UX NpvMe- 
HHMMOCTH. 

1. Tlyerb %, (@<cr<cb)—cemelicrso OaHaxOBbIX NpOCTpaHcTB, yOBJIe- 
TBOpsoulee ycioBHaAM: 1) %,—Bcloqy MJIOTHDIN JIMHeal B 8, TO HOpMe 
(Ie B Bey mpa rr <r; 2) Wfle<|f- ana FEB, w r’<r. Myctp 


~_ 


B~ (a<r <b; fr —HenpepbiBHad MOHOTOHHO BOspacTalomlad PyHKWHA OT r) — 


Jpyroe ceMelicTBO 6aHaXxOBbIX MpOCTPpaHCTB C TeMH 2Ke CBOHCTBaMH, TO H B,;. 
Yepes Y, o603HauHM NOJIHOe JIMHelinoe TOMOMOrMuecKOe MpOcTpaHcTBO, cocTos- 


ujee H3 3JIEMeHTOB ll Br C JMHEHHBIMH JeHCTBHSMH, HHAYIHPOBaHHbIMH 3 
noma 


Br (t’ <r), W co cxoqumocta f[»,—>f/ IKBUBaJIeHTHO CxoquMmocTH | fn—f ||-- — 0 
‘ 


Wit Beex r’<Cr. AnasioruyHo 3TOMY, HCXORMA 3 ceMelicTBa Bo, MOCTpOHM 
UpocrpaHcTBa Y~ *, SGHak 3Be3ouKa OyjleT BUpedb Id mpocTpancrB o603Ha- 
“aTb TMlepexOJ K COMPsXKeHHbIM IIpOcTpaHcTBaM, a JIA OnepaTOpoB mepexol K 
COMPAKeHHbIM OnepaTopaM. OueBHHO, 4uTO OF » By. 


et 
PaccmoTpum ucTpHOyTHBHbI onlepaTop A, onpeXeJIeHHBIN Ha JIMHeaJIEe 


Da(Br) CB, (a<ir<(b) c o6sactb1o s3Hauenuii Ra (B~) Cc Be. IIpeano- 
jlaraetca, uto Da (B-) C Da (By) up r’<Cr M YTO pesybTaT DelicrBuA cmepa- 
Topa A ne saBucur or fr. Oneparop A uuxyuupyeT B Ka2KOM npoctpanctBe YW, 
AUCTpHOYTHBHBI OnepaTop c o6uacTbIO onpexenenua Dy (U,-) = I] Da(Br) 
rer 
o6acTbio sHayeHnlt Ry (~) =|] Ra (Bx). 
or 
Teopema 1. Ecau A ecmo ®-onepamop ** uz 8, 6 Bu npu ecex 


a<r<ob, mo on asaaemca u P-onepamopom us U, @ U~ npu ecex r E(a, b). 


* Hopmy B Bm o6osHayHM Yepes || I~» a wepes Fave CXOQHMOCTh B Yn. 
~ Tr 


7 Lie 
ke 
Tlonatne -onepatopa, BBezenHoe B (1) (cTp. 52) za OaHaxoBEIX MpocTpaHcTs, BKVIO- 
waeT B CeOA TOKO TONONOrHYeCKHe CBOMCTBA H MOXKET ObITb MOSTOMY BBeCHO HM ANIA oMe- 
PaTOpoB B JIMHeHHLIX TOMOMOrMYeCKHX MpocTpaHcTBax. ‘ 
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j[oKa3aTexbcrTBo. Onepatop A u3 YU, B Yn, O¥eBHHO, 3aMKHYT. 

OGosHauum, caenya (7) (crp. 50), 4epes a4 (B,) (a, (W,)) pasmeproctb 
nlojnpocTpauctBa Hywel 34(B,) (34(U,)), a uepes Ba (B~) (84 (4~)) pa3mep- 
HOCTb AeteKTHoro noynpoctpancTBa 34 (B~) (34 (~)) onepatopa A, JelicTByto- 
mero 43 2, B B~ (us WU, B YW). Hs cesanuoro npeAnos0xeHHA HTOFO, UTO 
34 (Br) D 3a (Br) npur’ <r, cnenyer, uro %, (B,) (a< <6) ectb HeBo3pactaio 
ad (PYHKILMA, NPHHHMaloUlad Wesble HeEOTPHUaTesbHbIe 3HayeHus. CymecTByeT; 
CHEQOBATEbHO, Lviv guoOoro r Takoe 6(r) >O0 (BbIGHpaem 6(r) MaKkCHMaJIbHO 
BO3MOMKHbIM), TO %4 (Br) = const npu r’€(r—A4(r), r). Torna 34(B,) onHo 
M TO xe Wiad Bcex r’€(r—<d(r), r), H MosToMy Ba (Wr) = Ba (Br) (r—8(1)< 
<r'<r). U3 Bxmouenna 34 (B~) C 84(B~) (r’<r) caenyet, uto Ba (B~) 
eCTb HeyObrBaloulan HeNOUNCeHHad (PyHkunA oT 7. CyikecTByeT ostomy Takoe 
SNA QO, uro Ba(@xy)=const mupu r’E€(r—y7(r),r) HU, CAeLoBaTenbHO, 
3a (Bz) OAHO H TO xe WIA BCeX r’€(r—x(r), 7). OOosnauum uepes 
{Pik (Mm, = Ba (B») 6a3Hc B Mpocrpancrsax 34(By) mpu r’€(r—7(r), 7). 
Bem h€ Ra Ql) Ra (Bx), To ©; (h) =0 (i= 1, 2,..., m,). O6paruo, 
nycth h€ U~, 0; (h) =0 (i =1,2,..., m,), Torta hER, (Bx) pH Bcex 
r'€(r—y(r), r) u, cneqopatrenbHo, AER, (~). 

OTHM JoKa3aHO, 4TO onepatop A us YA, B Yn HOpMaJIbHO pa3pellIHM Hi 


wMeeT KOHeuHy!Io d-xapaktepucTuky ((*), crp. 50). [pu srom o6Hapy2keno, 
uTo «4 (W,) = lim a (Br) u Ba(GL) = lim Ba(GL). Vugexc xa (W-) = 
r r r/—>r—0 cs 


= Ba (U~) — aA (U,) ecTb lWesouncyieHHad HeyOpiBalollad dyHKunA oT rE (a, b) 
nH xa (U,)eq lim ~a(8,-). 


r’—r—0 

Sameuanue. Teopema sepia u B cnyuae, Korga A sBanerca D-omepa- 
TOpoM 43 J, H J~ aA Bcex r€ (a, 6) KpoMe AuCKpeTHOrTO MHO?KeCTBA 3Have- 
HUH. 

Ha ocHogaHHu 9TOM TeopeMbI H Teopemb! 2.2 u3 (+) Mouyuaerca: 

Teopema 2. IIycmo A— onepamop, yooeremboparouwull YCAceUAM meope- 
mot 1. Toeda Oana Heeo nalidemca makaa noaoxcumenoHan GYynKYyUA 
p(r) (@a<r<b), umo, KaKkoe Oot HU OolA AUHeLNoLIL O2epaHnudeHHolll onepa- 
mop B, omo6pascawuutt B, @ B~ nesaeucumo om r €(a, b), Oar Komopoeo* 
ps|Bl-<p(r), onepamop A+B, Oeticmeynouui us YU, @ I~ (ax<ir<b), 
makoce 6yOem P-onepamopom u xa+p (Ur) = xa (Ur) (A<Cr<O). 

C MOMOULbIO aHaJIOPMUHbIX paccyxXeHu u TeopembI 2.4 (*) Mouyuaem: 


Teopema 3. [lycme onepamop A ydoeremeopsxem YCArocguAaAM MeopeMoL 1- 
Toeda Ona Heeo HatidemcaA makaa nonoscumeavonan byHKuusn p(r) (a<r<): 
MO OAS BCEX AUHEINDIX O2paHUUeHHolx Onepamopoe B, Oeticmeyroujux us Fr 


6 B~ nesaeucumo om fr, Aaa Komopolx ||B\,<p(r) (a<r<6), onepamop 
A+B, Oeticmeywuit us U, @ oT (a<ir<.b), makoce 6bydem WD-onepamo- 
pom, xarp(U-) = xa (Ur) (a<ir<b) u, Kpome moeo, “a+_(Wr) <%a (2L,) 
(a<cr<d). ig 
Teopema 4. Ecau A ecmb ..-onepamop (('), cmp. 89) us B, 6 Bis 
npu a<r<b, mo on AeanemcA coomeemcmeeHHO U O.-onepamopom us YU, 


6 U~ npua<cr<o. 
Ucnonp3ya Teopempl 7.1 u 7.2 us (*), mouyuaem: 


* Uepes ps|| B|, o6osHaym pcengoHopmy onepaTopa B u3 o@, B B~ (cm. (1), cTp. 59). 


Teopema 5. IIycmo A seaaemca ®4-onepamopom (P_-onepamopom), 
Oeticmeyrouum us Jd, 6 Bm nesagucumo om rt&(a,b). Toeda Hatidemca 
makasn dynkuus o(r)>>0, amo Kakoe Obl HU OolA AUHetiHOLLL OepaHUenHolil, 
onepamop B (B,C B~), deticmeue Komopoeo He 3aeucum om fr &(a, b) 
|Bi-<p(r) (a<cr<b), onepamop A+ B, deticmeyrouuu us WY, @ Ym, make 
6ydem ,-onepamopom (@_-onepamopom), npurem &a4p(U-)Ca, (UU) npu 
r € (a, 6) (Ba+e (U>~) <Ba (U~) npu r €(a, b)). 

3ameuaunue. M3noxennble TeopeMbl OCTaHyTCH BepHbIMH, ecaH A mpes- 
novlaraTb OFpaHH4eHHbIM. JIMHeHHbIM OmepaTopoM, oOToOpaxkalolluM %, B 
Bro (a<cr<b), a npoctpancrBa YW, 3aMeHHTb MpocTpaHCTBaMu Y,, cocros- 


Ms 
IMM U3 9JIeMeHTOB > Brn CO CJIELYIOWHM OMmpeseseHvem cxoquMoctH: fn —>f 
Cot 
Tora H TOKO Tora, Korfa cyulecrByeT TaKoe r” > r, uTo {f,}" u f comep- 
wKatca BB," UW |\f2a—fll-y—-O0. B stom cayyae conpsxKeHHOe MpocTpaHcTBoO: 
=e * =~ Ly ~* - ~e 
YU, paBHo I] Brn, %a(W-) = lim a4 (Brr) uw Ba (Ur) = lim B, (%-). 
r">r r">r+0 r"—>7-+0 

2. TJokaxkeM O2HO H3 BO3MOXKHbIX MPHMeHeHHH mpebiqyunx Teopem. Pac- 
CMOTpHM mpoctpaHcTBo Banaxa %, (0<r< R), cocrosmee u3 Bcex f(z) = 

fos} 


= > Anz", [A KOTOpEIX | f ||, = Sd) @n| 7” < oo. 8, SABIAeTCH HOPMUPOBaH- 
n=0 n 


* 
HbIM KOJIbIOM. IIpocrpancTBo %8, MOXxHO peaJIH30BaTb KaK COBOKYNHOCTB (pyHK- 
co 


uni © = © (C)= ») Cn a lO) > Fone oD fa sup we < oo. JelicrBue 
n=0 a a 
(pyHKWMoHala faerca Copmyson ® (f) = SH AUln == a \ ® (C) f (0) dC (Bcary- 


a I¢h=r 
uae HeCyUeCTBOBAHHA HWHTerpasia ero 3HaveHHe MpHHHMaeTcH paBHbiM © (f). 
YU, wu YU, ABIAIOTCA NpocTpaHcTBaMM aHasMTHYeCKUX cbyHKWHi B |z| <r, coor- 
BeTCTBeHHO |Z|<r, C OObIUHOH WIA HUX TONOWMOrHel. * 
IIpocrpauctBo %, oOsajlaer B OOmacTH |z| <r BocnpoH3sBO,ALIHM CeMeli- 


| Pa 
CTBOM (pyHKUHoOHaIOB {Dz})2,.<, = te=shees , Tak-uTo ©, (jf) = f.(2)- gaa € 8B, 
uv |z|<r. Kpome Toro ua m06oro |z| <r 4 HaTypambHoro n> 1 cymlectByerT 


eo oe ! 
nunelinelt bynkunonan Of? — pun takolt, uro OS” (f) = f (2). 
shra 
KaxkoMy JimHeHomy orpaHvuenHomy onepatopy B, B&, C B,, coorser- 
* * 4 . y ¢—n— 
CIBVeD A100, (as, @ae—o/5 faa D(z, 0) = >} >, SmnZ 6 a atthkoe, euro: 


n m 


1) B(z,0) np [z|<r npwnaqnexnt @;; 2) B(z,01)€B, CB, mpw |C|>>r; 
3) Sup Di |emale™—" = |B ps 4) qaascex f (z)EB, uD (QEB, umeem 


BiQ=s; \ 8ZOIOd, BOO =. \ B(2,)D(e)dz, (1) 


ial Ro 
[Sl=r lel=r 


re MHTerpaJibl MOHMMaIOTCA Kak JelicTBUA (PyHKI[MOHaJIOB, MIpeCTaBHMBbIX CooT- 
BETCTBYIOMIUM SpoM. 


PaccmoTpuM B B,, r€(0, R), oneparop A yMHoxenna Ha (pyHKLHIO p(z), 
analMTHunyio B |Z|<R. Ucksowm yuckperHoe mHoxKecTBO 3HayeHuil r lIpo- 
mMexyTKa (0, RX), B KoTopbix p(re’°) annynupyerca. JLna OCTaJIbHbIX 3HaueHHit 
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Ry ky 
r mipoMexytka (0, R) p(z) = I (z— 21) "Qn (z) ( dal ag > W=M,, Gr (Zz) -O 
t=] é=1 


npu Jz <r). Oneparopy A coorgercrsyor anpo Wf (z, 0) = 2 = nu |A,|= 


=|/p(z)|,. A ect @-oneparop v3 B, B B&B (0<r<R, p(re’*)40). 
C &%4(B,) =0 u Ba(B,-) =m,. Ilognpocrpauctso Ra, (B-) xapakTepu3yercs 
TeM, YTO CFO SJICMCHTbI OPTOPOHaJIbHbI K CbyHKUMOHasaM of haa De eet 
s=0,1,...,¥,;—1). Oneparop umMeeT Ha Ra(B,) orpanvyenubiii oOparuptti 


Sy 


Ni Sea 
mt CJ At). <jgrX) I, Te — | z;}) ‘| . J\sx onepatopa A uMeer Mecro 
i=1 


Teopema 1. 
PaccMoTpyM elle JIMHeliHBIi orpanHuennbili onepatop B, B®, C B,, ¢ SUIPOM. 


Bz, = SMemnz"C"™,_ yosnersopstomum ycsosuto 


m im 


Rp 


lim Siemalr™" << T[¢—le) lator o: 


noo : 
m t=] 


AJA BC@X HEHCKJIOUMTEbHbIX 3HayeHHH rf. Torfla oneparoppr A u B yyosue- 
TBOpAIOT YCJIOBHAM Teopempl 2. Ec mpeqmooxuTb sup >) [ema | r™—r< 


Beary 


Ry 


<< [[ (lz) la @I-, 10 A u B ygosaersopsor ycoBuam Teopempl 3. 


é=1 
M3 mpepilyukero, eC MOJOKUM &y,—0 npw m<n, p(0)=40 mu same- 
HMM yculoBHe (2) ycuIoBHeMm lim Ds Emnt™—" = 0, nowyauM pesybratel M. A. Esrpa- 
noo 


m 
mopa (cm. (7), ra. IV, §§ 2, 3). 
IIpuMenenHas BbILIe CXeMa MOET OBITh HCMOTb30BAHA UM JI MpocTpancTBa 


aHaJIMTHYeCKUX (yHKWMH MHOrHuX MepeMeHHbIX f (Z,, Z2,..., Zr) (|2z]< Rz) BBe- 
WeHHeEM MpoctpaHcTB By, ...,r, (77 << Ri) Bcex bynkwuh f = pe An, ..mp2yr- +» SR, 
nz 
Mest KOTOPBIX®«||f (215.0 2 «+5 Ze) Ip,, 0.0) rg >) | Qn. nM agldst: walle nce Ola en Olas 
iy 
Top A cvJleqyeT 3aMeHHTb onepaTOopoM YyMHOxKeHHA Ha (PyHKIHIO P; (2, zee: 
«+ Pr (Zr) (21,.++ 5 Zk)» THe p; (Z;) aHanuTuunp! up |2z;|< Ri (i= 1,2,..., R), 
a q(z,--.-, 2k) —He aHHyMpyloulascad anauTHMuecKad (PYHKIUMA B NOJHMUMIMHY- 
pe jz:|< R; (i =1,2,...,). Onepatop A ue 6yget yxe W-onepaTopom, Ho 


octanetca ,-onepatopom. 

OrMeTHM elle, 4TO MPH MOMOMIM mpesbiAyuyAx TeopeM MoryT ObiTb c(pop- 
MYJIMpOBaHbI HeKOTOpble MpH3HaKH NMOJHOTLI HW Gasuca A cHcTeM ynKunit 
Bua {(A + B)fn(z)}© B anamuTHyecKkoM mpocrpaHCrTsBe. 


UepHoBulkult rocyapcTBeHHBIli he Hie 
YHUBepcHuTer 26 IV 1958 
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MATEMATHKA 


B. ©. XPHNTYH 


@YHKUMWM AHAJIATHUECKHE OTHOCHTEJIBHO PHNEPBOJIAUECKOLO 
ONEPATOPA C JIBYMS HE3SABHCHMbIMH TIEPEMEHHbIMH 


(IIpedcmaeneno axademukom B. H. Cuupxocoim 28 IV 1958) 


§ 1. Coyep»anvem paGOoTbl aBsIseTCA TepeHeceHHe HEKOTOPbIX pe3yJIbTaTOB — 
TeOpHH OllepaTOpHO-aHasIMTHYeCKUX (pyHKUMH, nosyyenHpix M. K. Ware (7) 
wid PYHKUMM OHOK NMepeMeHHol, Ha (PYHKIHH ABYX MepeMeHHbIX, aHaJMTH- 
uecKHe OTHOCHTeJIbHO runmep6oMYecKOrO OMepaTopa BTOporo NopAyKa. 

Ilyeth runep6omyeckHH onepaTop 


a2 a 0 0 : 
H = sa Ga FP Ut Wrage + aX Wag +r yt oo 


3ayjaH B KBagpate D = (|x|+]|y|< 1), croponbl koroporo cyTb xapakTepx- 
cTHKH, mpayem p(x, y) H q(x, y) uMeiwoT B D HempepbiBHble uacrHble MpoHn3- 
BOJHbIe epBporo nNopasyKa, a r(x, y) Hempeppipna. IIpu |x9|<a<1 uepes 
D(x, a) o603HauNM (exami B D) KBaqpar |x — x9|+ ly|<a—|Xxo}; 
yepes D (x9, a, ©) —mepeceyeHie D (Xo, a) c Momocoh |x — xo| <<. 

Onpengeneunue 1. Pynxunt f (x, y), 3aqanHylo B OOulacrH D, nasoBem 6 e c- 
KoHe4HO A-yuppepennupyeMmond BD, ecuunpu kaxyom k =0, |, 2, 3,... 
cbynkiun H"f (x, y) WMeIor HenpepbiBHble YacTHbIe NMpOHsBOAHEIe oO BTOporo 
NOpAAKa BKJIOUHTEJIbHO. 

Onpexenenue 2. Beckonewno H-yudbepenuupyemyio B o6mactu D tbyHK- 
uuio f(x, y) Hasopem (H,x)-aHagmuTuueckoh B D, ecm Aa KaxKyon 
3aMKHyTOH oOacTH RCD cywtlectByet nocrosHHan C >O0 (3aBucaInad OT 
],H uu R) Takaa, sto B R BbINOJHAIOTCH HepaBeHCTBa 


SHY (x, 9) | <C™ Ok + 9) (2) 


aa Bpeex s=O0, 1; kR=0,1,2,..., 3a BO3MO>%KHbIM UCKsO“UeHHeM k= s =O 


(B moKasaTeie 2k -+-s J{BOHKa eCTb MopsqOK onepatopa /7 oTHOCHTeJbHO mMepe- 
MeHHOHW x). 


Onepatopom, oOpaTHbM K ONepatopy H, HasoBemM uHTerpab- 
HbIt omepaTop K,, UpeoOpasyloulu PyHKWMtO —(x, y), 3aaHHylo MH HenpepbiB- 
Hy!lO B OOmacTH D(x, 1), B pewlenHe ypaBHenun Hu = (x, y) Mp HyseBbIx 
HAYAJIbHBIX YCJIOBHAX Ha OTpeske X = Xo. Uepes Cc” (a, 6) o6o3HauHM Kslacc 
(pyHKIHH, m pas HenpepbiBHo udPepeniupyembix Ha HHTepBasle (a, b). Tpu 
s=0,1, [x )|< 1 BBegqem onepatop Ke nepeBowaAmMn (yHKYHH ¢ (y) € 
EC°™ (x,|—1, 1—|}xo|) B pewienua ypasnenua Hu = 0 MIpH cuJlefyrouyHx 
HavaJIbHbIX YCJIOBHAX: 

eGil. S =. 0), TO U(X, Y)=O(Y), W(X, ¥) = 9; 
ecmH s=1, TOU (Xp ey) =O, u, (Xo, y) = o(y). 
/(ia usyyenua crpoenua (H, x)-ananuTuueckol cbyakiun f (x, y), 3alaHnoit 


B oOmactH D, Aa Kar Moro X) €(— 1, + 1) nocrpoum cuctemy dyHKUHH 9s,p (y) 
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no (bopmyviaM 


: ee = 
s, r(Y) Sr ep (CU) es Se Oly R00) 1, (3) 
SaMeTHM Ip 9TOM, ATO gs, x (y) ECP (| Xo|—1, 1—]xol) w na Kaxyom 
“oTpesKke [— a, a] C (|X| —1, 1 —|-xo]) BEmomHmoTcs HepaBeHcTBa 
2s, r(Y)I< CP" (2k + 5)! (4) 


Ilepenoca cxemy nocrpoenus Teopuu L-pajos Telislopa Avia PyHKWHH OANOM 
TiepeMeHHOH (*), YcTaHaBsIHBaeM CMpaBeAMBOCTb CJIeLYIOULUX TeopeM. 

Teopema 1. HMycme dynxyusa f(x,y) (H, x)-anaaumuuna @ D. Toeda 
OAA BCAKUX XyoE(—1, +1) ua€(0, 1) Hatidemca maxoe ¢ > 0 (¢< 1—|Xo)), 
4mo @ D(X, a, 2) umeem mecmo pasaoocexue dynkyuu f(x, y) B «H, x)-pady: 


fos) 1 
ing). 0! Kao Ke arin) (5) 
k=0 s=0 


_ Teopema 2. Pynxyuu o5,n(y) Popmyau (5) onpedeaswomca ynkyueti 
T(x, y) no g@opmyaanm (3), m. e. Kancdvitt (H, x)-p20 ecmo «(H, x)-ps0 Teit- 
Apa». 

Teopema 3. (H,x)-pad0 Oonyckaem nownennoe H-dudpepenyupoeanue 
MOO0E 4UCAO pas. 

Teopema 4. Ecau na Ouaeonanu A(x = Xx») Keadpama D(x», 1) sadaxa 
cucmema yHxyull os, n(y)€ Ce (| x} — 1, 1—| xo |), yOosremeopsiowan 
— ycaoeuam (4) Ha Kascdom 3amKHymom ompesKe [—a,a] CA, mo gyxKyun 
T(x, y), nocmpoennasn no dopmyaze (5), seanemca (H, x)-anaaumuveckott @ 06.aa- 
meri LD) (Xo, a, €). 

Syecb ¢ (0<¢< 1 —|x9!|) onpeyemsetcsa cooTBeTCTByIOULHM oO6pa30M mpH 

Kaxk]oM a & (0, 1). 

Onpenemenue 3. Cuctemy pyHkuHlt os, p(y) € CE vc! —1,1—]|xXp)), 
YAOBJeTBOPAIOULYIO YycJIOBHAM (4), Ha3OBeM ONpeeuAlomen Aaa (H, x)- 
-aHaJIMTHYecKoH (byHKmHH f (x, y), NocTpoeHHOH no copmyvie (5). 

§ 2. Ilycrh x» €(—1, +1); o603HauMmM uepes Ay, x, COBOKYNHOCTb (pyHK- 
HH, Kak at 3 KOTOpbIX ompeyesena u (7, x)-aHasIMTHUHa B HEKOTOPOH (CBOeH) 
—o6nactu D(x, a, ¢). MuoxectBo dbyHkuHi Ay, x, ABJIACTCA JIMHeHHbIM BeKTOp- 
--HbIM TIpocTpancrBom. Bpeyflem B Ay, x, TOMOMOrHIO CJIeAyIOULHM OOpasom. Tlocuie- 

OBaTeIbHOCTh (byHKUH fm (x, y)€ An, x, (m=O, 1,2,...) HasoBem pery- 
JIAPHO CXOAAMCHCA, CCIM BHINOJHEHbI YCJIOBHA: a) HMeeTCA OOMIaT OOaCTb 
D (Xo, a, &), B KOTOpOH Bce fm(X, y) OMpeseIeHbI HW yOBMeETBOpAIOT HepaBeH- 


a° - 
-cTBaM Biya (2); 6) Kayan < H* npouspoxias ei m(X, Y) CTPpeMHTCA B STO 
x Xx 


.06J1IaCTH PaBHOMepHO K HeKOTOPOMy mMpesewy. . 
Hapsay c onepatopom H paccmoTpum Apyrol onepatop Bua (1); aaa 
MpOCTOThI H3/1OX%KeCHHA CUMTaeM, 4YTO O6a ONepaTopa s3afaHbI B oOsacTH D. 
Tlocrpoum rtonosjormueckue mpoctpancTBa Ay, x, H Ag ,,- OHM cocTosT coor- 


sBETCTBCEHHO H3 CYMM 


foo) 1 of ae — 
Fy) = SKAD K2es ny), 0 9) = Ke D Kees, ny), 
k=0 S=0 k=0 s=0 


re 9s, r(y) H 9s, x (Y) — PYHKIAK onpeseHIONUX CHCTeM, a Kx, ¥ KS — one- 


s) 
paropbl, Nocrpoenuble ia fH TakMM xe OOpa3OM, Kak Ky, U KE naa H. 
OnpenenmM Tenepb mpeo6pasosanne T= Tz ,.. 1, ,, HPOCTpalicTBa Anata 
Ay,x, opmynoit Tg (x, y)=f (x,y), ecam f(x,y) M g(x, y) Mocrpoenbl m0 
omoit u Toi xe OMperesmonteli cucTeme (pyHKuHi ¢s, x (y). Houryyaem B3auMHo- 


* 3aBucHMOCTb 9TUX (PYHKUMM OT X) ABHO He OTMeucHA, 
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OJHOSHAYHOe H HeIIpepbIBHOe oToOpaxkeHhe JIMHeEWHOrO =TOMOJIOTHYeCKOrO Mpo- 


cTpaHcTBa Ay 4, Ha An, x, Tak Kak 


Hie y= SRS Kenly) Hela y= 3 RE 1s) Ke, 9s, t( 


k=1 s=0 k=1 s=0 
TO COOTBETCTBYIOT pyr Apyry u 9TH *yHKIMH: 
Hf (x, y) = THe (x, y). 

Tloncrapnaa cioma g(x, y) = Tf (x, y), nomyuaem H = THT. 

Mbt pv K TeopeMe: 

Teopema 5. Bce eunepboauueckue onepamopol emopoeo nNopAOKA AOKAAbHO: 
IKEUBANEHINHOL. 

§ 3. CpaBpHuBad ciopMyJIMpOBaHHble BbIMe Pe3yJIbTaTbl C pe3yJIbTaTaMH 
M. K. @®are (1) qua (byHKUMH, aHanHTH4YeCKHX OTHOCHTeJIbHO OObIKHOBeHHOTO: 
uMHeHHOrO jUddepeHiHaJIbHOrO onmepaTopa 


n n—1 
Lat Prato te bP acich, (6) 


C HeMpepbIBHBIMH KOS(pPHUNeEHTAaMH, UPHXOAHM K BbIBOJaM: 
a) pOJIb MOCJIefOBATeIbHOCTH KOIPPHILHEHTOB Qp, Gy, Q,... L-paga 


>) anf, (t, to) MepexowuT K oMpesessioulel cucTeme (byHkiui (3); 
h=0 

6) Kaxkpit useH Apfp(t, to) L-paya 3amMenaetcd usenom (/7, x)-psya (5), 
HO 43 9TOrO MOCeqHeroO WIeHa HeBO3MOXKHO BBbIJeIHTh PYHKWMH Kakoro-J1H60 
«H-6a3nca». 

§ 4. DyHKUNH, aHayHTHYeCKHe OTHOCHTebHO OMepaTOPOB, MOKHO HCIOVJIb- 
30BaTb TIpH pelieHHH 3afauH Kom (no ¢) vIn ypaBHeHuH BHJla 


L?u(x, y, th =H™ u(x, y, t) (7) 


(rae L—onepatop (6) nopayka n; H—onepatop (1); p, mt — HaTypaJIbHBie 
yicsa) TIpH HavaJibHbIX 3HayeHHAXx 


Se Lu (x, Ys to) = Psat 9) @) 


(s#=0; 1p 2h meds ges Oplp2ys pea ly apt ty. <2 bp); ap siaOniaXes 
(7, x)-aHasiMTMueCcKHMH (PyYHKWMAMH B OOacTH D. 

Teopema 6. Ecau np>2m, mo Oaa ecakoti ob6nacmu D(x, a) cD 
MONCHO yKasamb maKkoe = >O0, umo npu ty € (a, b,) @ oOOnacmu (|x — Xo) + 
+jy|<a— |x|, tp—e<it<ty+¢): 1) pewernue 3sadauu (7) —(8) Oaemca: 
dopmy roti 


OR ii—i pt 


u(x, y,t)= » > >; Fstng-thpn (t, Eb) Ea a asleh y) 
k=0 s=0 9G=0 
(30ecb [stngtnpn(t, to) —dyaxkyuu L-6asuca (1)); 2) amo pewenue aeasemcs 
(H, x)-aHanumuueckol @ynkyueti no x,y u L-anaaumuueckott dynkyuet no t; 
3) pewenue eOUNCMBeHHO 6 KAAaCCe MaKUxX GyAKuUti. 
AHaJIOPHUHbIM O6pa3s0M MO>KHO MOCTpOHTb PyEOUE, aHaJIMTHYeCKHe 110 xX 


OTHOCHTEJIbHO Napadomnyueckoro onepatopa 3 u 3a + p(x, y)l. 


B 3aKuJO“eHHe BbIpaxKalo MCKPeHHIOIO ecreanonenkeet PYKOBOJMTeJIO Ha- 
cTosileH padornr M. K. Ware 3a nocraHoBKy 3aya4uH WM IeHHbIe yKa3saHus 
B mpolecce ee BbIMOJIHeHMA. 

UepxHosurkuit Hoerynusao 

rocyapCcTBeHHBIH YHUBepCuTeT 26 IV 1958 

UMTHMPOBAHHAS JIMNTEPATYPA 

1M. K. ®are, JAH, 112, NM 6 (1957). 
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Jloknaye Akagemunu Hayr CCCP 
1958. Tom 122, Ne 4 


PHHUPOMEXAHHKA 


K. A. CHTHHKOB 
MHBAPHAHTbI OJHOPOAHOH MW W30TPONHOM TYPBYJIEHTHOCTH 
B OKHMAEMOM BSA3KON DKUAKOCTH 
(Tpedcmaeaeno axademuxom A. H. Koamoeopoeoim 29 IV 1958) 


1. BeiBOA HHBapHaHTOB. YpaBHenusa, BbIpaxaloutie CoGoi 3aKOHDbI 
‘COXPaHeHHA KOJIMYeCTBa JBHXKCHHA, MaCCbI H SHEP B PHAPOMMHAMUKe, HMeIOT 
‘CJIeLYIOUMH BUT: 


Ogu; OT sp 

SEE ek (1) 

ot a Ox, 
3 

(eFe) pa. Opv, ; 

Oh Fe > Ox, ” (2) 
R= 

deU et OE, 

Oi tea (3) 


Sylecb @ — IIJIOTHOCTB 2KH]{KOCTH, Uj; — KOMIIOHCHTbI e€€ CKOPOCTH; Tix — TEH30P 
MJIOTHOCTH NMOTOKa HMMIlyJIbCa, HMerOulHi AIA BA3KOH CXKHMaeMOM PKU AKOCTH BUT 


i / 9, dv, 9. ca OUy i 3 Ou, 
i 0; - . a i oe een eee 
ik Por + PU;Up, 7 \ Ox, op Ox; 3 Oik sae 


rye p— aBsewve; 4 u C— KosddunvenTpr BaA3KOcTH; U —llovHan sHeprus 
‘CJIMHHUbI ~Maccbl 2xHAKOocTH; L;,— KOMMOHeHTbI BeKTOPa MJIOTHOCTH TOTOKa 
3Heprun *. 

Bee rufpoyuHamMuueckHe SJIeEMeHTbI MOTOKa OyeM paccMaTpHBaTb Kak CJYy- 
yalHble BeJIMUHHbI (1), YOBJIETBOPHAIOWHe YCJIOBAAM OJHOPOMHOCTH HW U30TPOr- 
HocTH. CpequHHe OyjemM OO03HauaTb YepTOH cBepxy. 

Bepa cpequve oT ypaBHeHu (2) u (3), BHAMM, YTO BCJIeACTBHeE OJHOpOL- 
HOCTH cpeyHHe p u pU co BpeMeHemM He MeHsioTcs. Tlosromy B 9THX YypaBHe- 
HHAX BeMYHHE! 9 HW pU MOMKHO 3aMeHHTb UX TyJIbCaluAM op’ =p —pU(eU)’ = 

Bepem “3 BeaMuMH pv; (i = 1, 2, 3), op’ u (oU)’ Kakne-HHOy—b jBe, KOTO- 
pbie MbI OO03HadHM Yepes « H B, a KOMIOHEHTEI BeEKTOPOB, AMBepreHiwamu 
KOTOPbIX OHH ABJIAIOTCA cCorsjacHo ypaBHenunmM (1)—(3), O603HauNM yepes A), 
u B,. PaccMoTpHM BTOpOol MOMeHT CBxA3H 


Be, Ube. Xa, 2) ee (cL), 


re a ra 
DAC © — BeKTOp, VMM@IOULHH KOMIIOHEHTH! ¢, = Xp, — Xp. Tlob3yxicb OJHOPOHO- 
‘CTbIO TOTOKOB, IOJTYYaemM 


ry 3 ‘ 3 we Ae 
Ou , OBy, dA; Q% S a (eB A, 
cOcmaay Fie a anit igae (2Br — AxB’) 
k= Om, = ie hee ce 
* Bug w;,, U u E, aA nactosuero Maparpadba HecyukecTBeH, OH NoHagoOuTes B § 3. 


) ( 
A 


Viurerpupyem .o6e uacTH 9Toro paBeHcTBa 0 OObemy Wapa rf =|r}/<R 
M 3aMeHAeM B TpaBol UaCTH HMHTerpasl OT AMBepreHMMH NOBepXHOCTHbIM HHTer- 


pasiom. Cuutaa, uto aB) u A,8" ectb o(1/r*), 6yqeM uMeTb, 4TO TIpH R-> oo 
ipaBad YaCTb CTPeMUTECA K HYyvIO, a NOTOMY 


Cue OBaTeJIbHO, 


Naas 


He 3aBHCHT OT BPeMeHH, T. @. ABJIACTCH HHBAPHaHTOM. 

Ecsim 0TOK He TOJIbKO OHOpOMeH, HO HM M30TpOMeH, TO H3 4hCa NOJy~ 
YeHHBIX HHBapHaHTOB WMeeTca BCero 4 pa3uIMUHbIX HM He paBHbIX HyJO. OTK 
MHBapHaHTbl MMeIOT CJIe/{yIOUlHH MeXaHHYeCKHH CMBICJI: 


ie \\\ev-ov" av = lim oe (\ ov ae)» 


a= feew. = jn ey 


» = \\\ Uy @OY ave = lim (MM (Uy dV), 


AG) our an =n fe arora. 


V 


A 


Jlia JOKasaTeJibcTBa, HallpHMep, MepBoro H3 3THX PaBEHCTB 3allHIlleM KBaJl- 
paT ummysibca o6bema V B Bue j[BOHHOrO MHTerpaa 


(Vey dv) = \\ pv-ov' dV dV* = A\V-+o0(V), 


OTKyla UM CJlejlyeT Hallie yTBep»keHHe. 

2. IIpuMep noToka Cc OTJMUYHBIMH OT HY JA HHBAPHAHTaME. 
Pa36pacbiBaeM B Tpe€XMePpHOM IlpocTpaHcTBe TOUKH Mo 3aKkoHy Ilyaccona Tax, 
YTO BEPOATHOCTh MOMaaHHA B OOIaCTh C OObeMOM V ToOYeK B UHCIe Mm paBHa. 


yin 


mle \: BOKpyr KaxkOH TOUKH OMHChIBaeM Wap €HHHYHOrO OObeMa, BHYTPH 


KOTOporo sajjaeM |ov|, 9 H oU paBHbIMH MpousBeeHHAMU o(r)é, rae o(r)— 
OCTaTOUHO’ Plaka (PyHKIMA pacCTOAHHA OT WeHTpa Wapa, oOpataroujaics 
3 


BMecTe CO CBOHMH TPOH3BOAHbIMH B HYyb mpH r= Y3/4n (tT. e. Ha rpaHne 
ulapa) H MOHOTOHHO BO3pacTalollad IIpH yOblBaHvH 7, a §—cuyuaiinan BeuH- 
uHHa. Hanpapsenne ckopocTH MbI MlOJlaraeM OJ{MHaKOBbIM BO BCeX TOUKaX Ilapa 
HM PaBHOMepHO. paclipeyevieHHbIM 0 BCeM HampaBseHuaM. IIpu stom g(r) u & 
BBIOHpaeM Tak, YTOObI Wapbl OO/aalH HesaBHcHMO pyr or ypyra: 1) um- 
ilyJIbCaMH *, HMCIOUJMMH KBalpaTbl, paBHble «; 2) MaccaMu p co cpeyHuuMM 3Ha- 
ueHHAMH 9 HM jicnepcuamu 6; 3) sHeprusiMH pU co cpeqHHMH 3HayeHHAMH pL 
M jucnepcuimu y; 4) KosullMenTamu KoppeviaiHH 5 Mexyy op’ u (oU)’. 
Bepem Bce IpOcTpaHcTBo, 3amOJIHeHHOe MjleaJIbHbIM Ta30M, KOTOPbIt B KarK- 


OH TOUKe HMeeT HMMNYJIbC, IWIOTHOCTh HM MOJIHyIO 9HeprHio pU =p 5+ 00,7 


(re Cy — TeMJIOeEMKOCTh TPH MOCTOAHHOM OGbemMe, 7 —TemnepaTypa), paBHbIe 
CyYMMaM 9THX BeJIMUHH [IA TeX IlapoB, K KOTOPbIM 9Ta TOUKAa NpHHajWiexKUT. 


* ~ i 
Munyabeom apa Mbl Ha3bIBaeM pacipoctpaneHHbIn MO o6beMy apa HHTerpay \ ev dV. 


JlokaxkeM, 4TO WIA Tak 3aqaHHOl B HauaNDHDIti MOMEHT BpeMeHH OHOpoHOlr 
M H30TpOMHOH TypOyJieHTHOCTH 3HaueHHA HHBapHaHTOB PpaBHbl COOTBETCTBeHHO- 


a, 8, yu VY 8y8. Nelictautenbuo, HanpuMep, WI nepBoro H3 HHX 


me (\ ay av) En y a e~Yma + 0(V) = aV + o(V), 


Yi m=0 


oTKyjfia culenyeT, uto Ay =. 

| Sameuaune. Ip BpBoye HHBapHaHTOB MbI Mpefnosaranu, To Koppe- 
‘“JAWHH Me@K]y THApOAMHaMHYeCKHMH PesIHYHHaMH B J1060l MOMeHT BpeMeHH 
-OctTaTouHoO ObICTpO yObIBaloT Ha GOecKOHeuHOCTH, a HMeHHO Kak o(1/r?), Tak 
Kak BO3MYULCHHA B CXKHMAeMOi XKHAKOCTH pacnipocrpansmloTed C KOHeUHO! cKO- 
pocTbio, TO KaXKeTCH MpaBJOMOAOOHbIM, YTO H3 BBINOJHeHHA STOO yesOBHsA 
B HaWaJIbHbIH MOMCHT BpeMeCHH BbITeKaeT efO CHpaBeVIHBOCTh B JOGO! mocwe- 
JtytoulHH Moment Bpemenn. Ilostomy xe B culyyae, Kora XKHAKOCTE OOmaqaer 
C)KHMaeMOCTbIO, XOTHA Obl OYeHb MaJIOH, HEMPHMeHHMbI Te BOSpParxKeHHA, KOTOPbIe 
| femaioTcsa B CJlyu¥ae HeC?KHMaeMOH 2KAAKOCTH OTHOCHTe/IbHO HHBapHanta JIoii- 
/iatHcKoro (cm. (2)). 

| Ec. 2%KHKOCTb HEC?KHMaeMa, TO EC€ HHBapHaHTbl, KpoMe As, paBHbI HYJIIO. 
|Musapuant A, Obll paHee nosyueH Uanypacekxapom (*). 

3. S3aKOH 3aTYXAHHA OMHOPOAHOK H HZO0TPOMHOH Typ6by- 
)MeHTHOCTH Ha nocweqHeH cTaquu B UAeaTbHOM 1ra3e, 06ma- 
Hatem BASKOCTbIO H TENTONPpOBORHOCTHIO. Mb ROKaKeM, UTO Ha 
\moculeyueH cTaquH 3aTyXaHHA TypOyJIeHTHOCTH, Kora MOXKHO mpeHeOperate. 
HeJIMHeHHBIMH WJIeHaMH B YpaBHeHHAX J[BHXKeHHA, HMeIOT MeCTO paBeHCTBa 


oO (a tae A\aveccour) tpi) +a) © 


7 = (gat ie )lareecour) +°(7n): 
PO aie aay) FOC 
pT’) = 0(=,)- 


Jia jOKa3aTebcTBa, HanpHMep, (bopMyvibl (5) OepemM cmeKTpaJIbHOe pa3- 
| JOxKeHHE 


oe? = \\\ [faalp, t) + Ban (p, AAV, (6) 


Fic 
fan (Pp; t) = fan (p, 9) eon 


COOTBETCTBYeT Hec2KHMaeMOli KOMMOHeHTe, a faa(p, f)—cayyaliHO pacripeye- 
JICHHBIM AKYCTHYCCKHM BOJIHAaM (cM. (*)): 


| faa (D, t) = [ex (p) e™ +E ea (p) e* + C5 (p) em, 


ire c(p) — culyyalinpie BeMYHHDI; C3(p)—> 0 mIpH p—0; 
y= — Ep’ + (e— 1) N+ 0(p%) — ip ta + O(p)], 
| hy = — Py’ + (x — 1) 0 +0 (p%) + ip [a + 0 (0), (7) 


ks = — ph+ O(p*), 
Hy =; y’ es ae h — KospuiueHT TeMMepaTypompoBoAHOCTH, x — OTHOUIC- 


lz 3p oe 
|HHe TemOeMKOCTeH; @— CKOPOCTb 3ByKa. 


Jlokasbipaetca, YTO mpH wOGoM p>e>O0 eHcTBHTeJIbHBIe YaCTH BCeX k 
menpuie C <0 *. Tlosromy, cmeaB owHOKy Ha OeCKOHeYHO MaJIyIO BbICLUero 
MOpsaKa, MOXKHO COKpaTHTb oO6wlacTb MHTerpHpoBanua B (6) 10 CKOb yroyHO 
MaJlOl OKPeCTHOCTH HavaJia KOOpAHHaT HW B3ATb B MOAbIHTerpaJIbHOM BbIparKe- 
uuu qua k raaBHble 3HayeHHa u3 (7), a KOSPPHMMeEHTbI CUMTATb NOCTOAHHBIMH, 
PpaBHbIMH HX 3HayeHHaM B Hye. IIpH MHTerpHpoBaHHu Takoro NOAbIHTerpaJb- 
HOPO BbIPAXeHHA MBI MOXKEM OOJIACTb MHTerPpHpOBaHHA PpaclIMpHTb WO Bcero 
ripocTpaHcTBa, Tak KaK MpH 9TOM TpHOaB/AeTCH CJIaraeMOe, IKCIOHEHILHaJIbHO 
yOpiparoulee co BpeMeHem. Takum o6pa3om: 


On \\\ [[c, (0) 2+ [es (0) Py em + —watdV + 
a7 \\\ DFan (0, 0)e-2%tdV + | 
+ \\\21 [Re cy (0) cy (0)* cos 2apt — - Im c, (0) ¢s(0)* sin 2apt] e-P*t’+O—DA tay + 
+ 0(-) | (8) 
rye 3Be3qouKa OOO3HaYaeT KOMIIJICKCHO COMpPA2KeHHY!O BeJIMUHHY. 


Ha nocsequei craquu 3aTyxXaHHa TypOyJIeHTHOCTH, Kora MyJIbCallHH 
TJIOTHOCTH 06’ OCTATOYHO MaJIbl MO CpaBHeHHIO CO cCpeHeH MJIOTHOCTbIO 
p, 3HaueHve WHBapvaHta A, OyeT CKOJIb yrOQHO MaJIO OTHYUATbCA OT BeJIH- 
YHHbI 


Ay = 0 \\\ VW) == Q4r36?F ay (0, t) = Dr 36?F pp (0, t) = 


= 247357] e, (0) + c2(0)/? = 
= 24062 [ie (PE + [ea (WP + G1 0) OO) + GO) 0)" 


ABJIAIOULeCHCA MHBapHaHTOM JIA JIMHeAPH3OBaAHHOTO NOTOKa. V3 COOTHOWICHHH, 
MMCHOULHX MeCTO Me@2K IY KOMIMJICKCHbIMH aMMJIMTYaMU MJIOCKUX BOJIH CKOPOCTH 
HW NYJIbCawuu MJIOTHOCTH, MOJlyyaeM: 


A, = \\\0 TerdV = 8n8 © [e, 0) —& (0). 


‘CuleqoBaTeJbHo, 


[Cy (0)? + [¢2 (0) ? = 


UIpvuuMast BO BHMMaHve 9TO COOTHOINeHHe HM BbITHCJIAA MepBble Ba MHTerpawa | 
B (8), nomy4HM dopmysry (6); TperH uHTerpal B (8) ectb o(1/f*). 
B 3aKkroueHHe BbIparKkalo CepfeuHyio OvlarogapHoctp A. H. Kowmoroposy 


3a COBeTbI NIpH HanwcaHHH ITOH padoToHl. 


Tloerynusto 
20 Il 1958 


LWHTHPOBAHHAA JIATEPATYPA 


1M. ].Muannvoumuxos, JAH, 22, 236 (1939). 2G.K.Batchelor, Appl.| 
Probability, 7, 67 (1957). *S.\Chandrasekhar, Proc. Roy. Soc., A;[210, 18 (1951)8| 
4 A.M. AraomM, Vas. AH OOo cep. reorpad. 1 reopus., 12, 6 (1948). 


* TIpu ycraHopsenuad aroro (bakia A Bocnosb30Banca romoutbio IO. B. T[poxopora,, 
KOTOPOMY BbIParKalO CBOIO MIpH3HaTeJIbHOCTD. { 
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oxaane Akaygemuu Hayr CCCP 
1958. Tom 122, Ni 1 


THHPOMEXAHHKA 


MW. C. WAKUWH 


O TOYUHbIX PEWIEHHAX YPABHEHHM OJHOMEPHOU 
PASOAMHAMMKH C YAAPHbIMM WH AETOHALMOHHbBIMU BOJIHAMHA 


(ITpedcmaeaeno axademuxom JI. H. Cedoeum 26 IV 1958) 


JI. HW. Cefoppim Haifeno TouHoe pemenue (') ypaBHenHui ofHOMepHOro He- 
yYCTaHOBUBINerocd JBHXKCHHA HleaJIbHOrO COBePUICHHOTO HeTenJOMpoOBOsHOrO 
rasa, B KOTOPOM CKOPOCTb VU B KaxKJIbI MOMeCHT BpeMeHH ¢ ABJINETCA JMHeMHOM 
(yHKUMeH PpaccTOAHHA 7* OT WeHTPa, OT OCH MM OT MIOCKOCTH CHMMeTpHH. Ono 
mpescTaBasetca dopMysamu: 


du. 
BA eeoba Oe a 


Pe ae Mecea eye ae Ste 


(1) 


{ , a la Yaad 3 
ra (We) = [o4 GS) Bo wry], 


re MJIOTHOCTh p H JaBJIeHHe Pp BbIPaKalorcaA Yepe3 MPOHSBOJIbHYIO PYHKIHIO 

(wr) (A, B nu C —npon3BombHbie MOCTOAHHBIe; ¥ — OTHOWMeHHe Temioem- 
KocteH; v = 1, 2 u 3 COOTBeTCTBEHHO JIA MIOCKOH, OCeBOH HW WeHTPaIbHOH 
CHMMETPHi). 

Keanepom (7), B. I]. Kopo6etuuxoppim u E. B. Pasanopnim (°) 9To peuie- 
HHe COMparasoch C yapHOH BOHOM, pacmpocTpaHsAIouleHcA MO MOKOAIMeMYyCA 
ra3y. 

Hye jaerca Oomee o6ului cnoco6 conpaxeHuA peuleHua (1) c yqapHon 
UJI Je@TOHAMMOHHOH BOJIHOM, pacmpocTpaHsomlleicA CO CKOPOCTbIO ¢ 0 N0- 
KOALLEMYCA Tasy C MOCTOAHHDIM HavaJIbHbIM JaBJIeEHHeM Py H HEKOTOPOM Haya db- 
HOM muoTHOcTH1O p, (r). Bun dynKunu op, (7), PyHKIMU ¢ (17) H 3aKOH TBHDKe- 
HHA MOBepXHOCTH pa3spbiBa GyAyT onpesetenb! U3 YCOBHH Ha yapHon wu 
JJeTOHAIMOHHOH BOUJHe. 

1. Tlyerh 3a yyapHoli BomHoit TeyeHue onucEIBaetca Popmyaamu (1). 

YcJOBHA Ha yapHOH BOuIHeE NpescTaBHM B Buse: 


6 = p2—*; (2) 
D1 = Po + 0305 — P2CV2} (3) 
as (y —1) prt (y+ 1) pe Uve (4) 


2 (p2— px) 


CoorHowenua (2) # (3) BbIpaxkaloT 3AKOHbI COXpaHeHHA MaCCbI HW HMIMyJIbca H 
OCTAIOTCH CMPaBeAUBEIMH TAaKKEe Ha AETONAMOHNON BOVIHE. 
Tlogcraraaa u3 (1) B (3) 3HaveHHA BeNMYNH 3a yapHol BOJIHOM H y4H- 


TbIBAA, UTO C = oe a ee nowyaHM uddepenuHaybHoe ypaBHeHHe VIA 
T2 U % 


59 
) 


3 3aKas 783 


o(urs), pelllai KOTOpoe, HalifleM JlaBleHve 3a yapHOH BOJIHOH Po (.): 
1 the 8 
y C= Bue) 
cer, ii opt (eee au]. (5) 
Balto to eee pase + Pi ) ytd 


Buyucaiad KBalpatypy B cooTHOWeHHH (4), Haliqem payyc yJapHOH BOJIHbI 
re (u): 


y 6 6) 
: le (u.) Seng ean ue Va+Be : ( 
ND ‘VA+Be oD 
u 2 [p sie ee wr du. 


Lo 


Dw 6 —MocTosHHbIe HHTerpHpoBaHHa. 

Ecam B (1) B>O, To ydapHat BomHa BbIXOLHT 3 iWeHTpa: npu f = 0 
(us=0o) rp=0, mpH stom Jud v= 3 H Y=2 c=oo,a MA V=1 C€ 
KOHeuHa, JlaBleHHe B HauaJIbHbI MOMeHT OecKoHeyHO. Ecan <0, 16 


MVMHUMQJIbHbIM payuyc ylapHol BowHbl npH t = 0, wp = (— A/ B)’ “—») ormmuer 
ot 0, npw sTOM C=O, a pp = ow. 
| TInoTHocTb 3a yapHo BOJIHOH 0)(%) HMeeT BbIparmkeHHe 


2 [pe (u) — pil? 


EN) Fe ee 


(7) 


C MOMOMbIO MOJYYeHHbIX COOTHOIUeCHHH [TVIOTHOCTb HW aBJIeHHe B JIIOOOM 
MecTe TeveHHA 3a yapHOH BOJIHOH JIerKO 3amvcaTb B MapaMeTpH¥eCKOM BUTE 
C napaMeTpoM 7: 


Vv 


oe N=e()(L), pe n=m@(L)% wren; (6) 


P2(t), fe(t) HW pe(t) Onpefemenbl dopmyvamu (5), (6) u (7), B KOTOpbIX p 
3aMeHeEHO Yepes 7. 

HayasibHy!0 MJIOTHOCTS, MOJIb3yACb COOTHOWCHHAMH Ha CKauKe, nmpescTaBum 
TOXKe MapaMetpHyeckH Cc mapamMeTpom ©: 


2 [p2(S) — pr]? 


a =< 
01 (Fr) v2 (6) [(y —1) pr + (¥ +1) pa (0)] 


f = re (0); (9), 


P2(S) HW r2(S) onpegzesenbt opmysamu (5) u (6), B KOTOpBIX wp 3aMeHAeTCH 
Ha 


IIpu p,;=0(?), a takxe npxh A=O (*) wauanbHaad naoTrHocTh smerKo 
BbIpakaeTCA B ABHOM BHJe. 


B IeHTpe CHMMeCTPpHi HauYaJIbHawA IVJIOTHOCTh WMeeT acHMMTOTHYeCKOe 
_ (v2) —y(v—2) 


BbIpakenve: mph B>O 6, = const-r rh u npy B=0 9= 
__ 2¥ (v-4}1)—2 , 
==— CONSL +f vt. Ona KoHeywHa smb npuy=3 u y>7. B curyyuae 


A> 0 HavaJIbHad MIOTHOCTh JOUKHa yObiBaTh Ha GecKOHeyHOCTH 0 HYJIA. 
IIpuy A<0 (B>0) BosmoxnHbt mu60 yOpiBatoulue 0 HYJA Ha OecKoneu- 
HOCTH, JIMOO HeorpaHHyeHHO BOspacTaiollve Ha KOHeYHOM paccTOAHHH oT 
WeHTpa pacnpewevieHA HavalIbHoH IoTHOcTH. Teena paccmarpHBaemoro 
THMa NPM NOCTOAHHOM HavasIbHOH MVJIOTHOCTH BO3MOXKHbI TOJbKO IpH p, = 0 
u A=0 (aBtomo- jebHBI cayuali (*)) 

Ormetum eue, uTo mpu A>0, B< 0 chopmyuia (9) onpeweraeT HayanpHyto 


MJOTHOCTh JIA PaccTOAHMH OT WeHTpa, He MeHbIUMX HayaNbHoro pasuyca 
yAapHouw BOJHEI. | 


34 


Ilycrs B>>0. Mogcuntpiwas nomuyto sHepruio BO3SMYLLCHHOrO JBY2KeHHA rasa, 
onucbiBaemoro cbopmyJiamu (1) u (8), Haliqem, urO OHa paBHa CYMMe HauaJIbHOH 
TeNJIOBOH SHeEprHu WH MOCTOAHHOH aHeprnu Eo, BbiemAOUlelicA MrHOBeCHHO B 
HauaJIbHbIM MOMCHT BPeMeHH: 


rye 


ES a 
(y—1)VB’ 


0, = 5 [4n(v— 1) + (v2) (v—3)]. 


Ilostomy noulyueHHoe pelleHHe MOXHO MIpHMeHATb K 3ajauaM O TOUCUHOM B3DbI- 
Be B Cpeyle C HavaJIbHOM MJIOTHOCTbIO THMa (9) HM HavaJIbHbIM NPOTHBOAaBJIeHHeM. 
His npusexenuoli pple dbopmyJbl culelyer, 4TO Avia BCeX JBHKeHHII paccmar-~- 
puBaemoro kslacca Ey > 0, ucpemu HadaJIbHbIX pacnpesesenuii (9) He cymecTBy- 
eT TaKUX, KOTOpbie OOJaqasM Obl WHHAaMMYeCKOH HEYCTOHYMBOCTHIO ONMCaHHOrO 
B (*) Tuna. 

IIpu smo6nix B moctpoenHoe pellieHve NpHMeHHMO K 3ajlauaM O MOpWHSAX, 
PpaclIMpAIOMMXCA NO 3aKoHy fF = const/y. 

2. Ilycrb (1) onuchipatoT ABYxKeHHe raza 3a JeTOHAaIMOHHOM BOHOL. Coot- 
HOWeHHA (2) H (3) Ha PpoHTe BOJHbI OCTaHYTCA CMpaBeIUBbIMU, a COOTHOIIEe- 
Hue (4) 3aMeHHTCA CeyIOULMM: 


(¥1 — 1) [(y2 — 1) pr + (2 +1) Da] 
2[(y¥1 — 1) pe — (Ye — 1) pil 


Q (¥1 — 1) (Ye — 1) (P2 — pi) ; (10) 


Oa [Crr—'t) pa — (¥a— 1) piloy 


C= 
Y: H Y2— OTHOWeHHA TelJIoeMKOCTeH YroproueH cMecH 4H cropeBllero ra3a; 
Q — TemJIOBbIJeIeHHe CJMHHIbI Maccbl ra3a. JlaBsieHHe 3a (pOHTOM eTOHAHH 
P2(u) MO-lpexkKHeMy Bbipaxkaerca opmyvio (5), KOTOpadA CyleqoBasla TOJIbKO H3 


t 2 9 = 2 
(3) u (1). Mogctannaa B (10) c= mle re ae = pw? [A+ By’ O-D] 75 (p), 
2 
NOJIYYYM OObIKHOBeHHOe JIHHeHOe AudpepeHiMabHoe ypaBHeHHe OTHOCHTEeJIbHO 
r3(u), ONpexemsmoulee 3aKOH JBMKeHHA cppoHTa AeToHayuu. Tlorocrb 3a 
BOJHOM JeTOHaHH p2(~) OMpewemnerca yepe3 po(u) HC Hu3 (3). TeyenHe 3a 
BOJIHOH omucbIBaeTca ChopMyviamu (8). HauasbHad nJIOTHOCTb 


2 [ps (S) — pil [(v1 — 1) Pe (0) — (v2 — 1) pi) : 
(y1 — 1) [(v2 — 1) Pr + (v2 +1) po (G)] 95 (6) + 2Q (¥1— 1) (Ya-— 4) [P2 (8) — Pa 
pars (Oe 


(7) = 


B xKavectBe MpHMepa paccmoTpHM cutyyaii p, = 0, A =a) ean 
11 = Yo = 3. Havanpuaa nviorHocTb uMeeT BU p; =a [(0? + r?)'!2— 6 (6? + r?)|—k, 
a “4 6 nocrosuupre. JleTouavonHad BomHa [BYxKeTCH MO 3aKOHY 75 (t) = 
= 8) Y Qt + 16 Qf. Mogcuer nonHofi sHepruu croperulero rasa noKaspipaer, 
UTO TeueHHe COOTBETCTBYeT TOUCYHOMY B3PbIBy B roploueli CMeCH, pH KOTOpOM 
MPHOBeHHO BbieideTca aHeprua Eo, BbIparkaloujasca uepes a, b uv Q B Buse 


Ey = = aQ (8b)'. 

IIpu y; = Ye=yY B TeveHHAX paccMaTpHBaemMoro THIa JeTOHALNA Npoucxo- 
quT Ha pexume YKyre (3ByKOBaH CKOpOCTb cropeBUulerO asa OTHOCHTeJIbHO 
cbpoura) mu mpu v= 3, p; = 0, A=0, y=3 u mpH v=3, py 40, AHO, 
= 3. 

AvanorHunble pelieHHA MOXKHO CTPOWTb Ast cped ¢ ypaBHeHHemM COCTOSHKA 
Tuna p = A(S)(o"— 0"), rae S — saTponua. 
of 35 


Aprop ucKpeHHe Osarogapen JI. VW. Cegosy 3a mocTaHopKy 3afauH u 
‘BHHMaHve K padore. 


Mockoscekuit rocyapcTBeHHbIit yHUBepcuTet Tlocrymusio 
um. M. B. Jlomonocopa 24 IV 1958 
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Jlokuanp Akanemun HayrR, CCEP 
1958. Tom 122, Ni 1 


TEOPHA YIPYTOCTH 


MW. H. BOPOBHY 
HEKOTOPDbIE BOTIPOCbI YCTOHYUBOCTM OBOJIOUEK B BOJIBLIOM 


(ITpedcmaeaeno axademuxom B. H. Cmupnoesim 12 V 1958) 


IIpw peuleHuH MHOrUX 3aay ycToHUYMBOCTH yNpyruxX CHCTeM IIMpoKO mpH- 
MeHAeTCA MeTOX JIMHeapH3alluu, B COOTBeETCTBHH C KOTOPbIM MOMeHT MOTepH 
YCTOHYNBOCTH ONpeeAeTCA MepBbIM COOCTBEHHBIM YHCJIOM HEKOTOPON JIMHeHHON 
KpaeBou 3ayauu. Bonpoc 0 3aKOHHOCTH JaHHoro cnocoba pellieHuA 3afau ycroli- 
YMBOCTH JIA CTepxKHeH paccmMaTpHBaicA B (') H OKOHYATeIbHO pelleH B (°). 
Bmecre c Tem u3BecTHO (°,4), uTO B 3aqaue ycTOHUMBOCTH OGOOYeK JMHeapH3a- 
WHA ypaBHeHult He BCerfa MO*KeT ObITb TpHMeHeHa. Syecb MNpHBOAATCH 
HeKOTOpble OOmMe (PakTbl, KacalouluecH MaHHOrTO BoMpoca HM NOyUeHHbIe 
Ha OCHOBe CTpororo aHaJIM3a OCHOBHbIX YPaBHeHHH HesMHeHHOH Teopuu O6osI0- 
ueK. 

Byfem cuntatb, uro: 1) cpequHHad NOBepxHocTb OGooO"KH L JaeTcs ypaB- 
HeHvemM r =r («,8); a, B € Q; Q —orpannyennad OOsacTb nulocKocTH 4, 8; 
2) rpannua © [9 coctouT 43 KOHeuHOrO YMCA yr, Ha KaxKJON U3 KOTOPHIX 


KaCaTeJIbHaA BpalllaeTcaA HempepbiBHo: 3) r uMeeT B Q HeMpepbIBHbIe MpoUu3Bo]- 
HbIe BTOporo nopsnKa. IIpeqnomoxKHM, ITO BHEWIHHe CHJIbIl, BOSeHCTBYIOMIHe 
Ha OOOOUKY, HMeIOT BUA AX, AY, AZ, rye A —unCMOBOH Napametp; X, Y,Z € 
€L,; p> 1, anpu A= | cymecTByer Se3MOMeHTHOe HalpAXKeHHOe COCTOAHHE. 
IIpumem Jlasee, uTO ypaBHeHUa ecbopMalluH OOOMOUKM MOryT ObITb yIIpOULeHbl 
mo cnoco6y X. M. Myuirapu (°,°). B stom calyyae Oe3MOMeHTHOe HalpsAxKeHHOe 
cocToAsHHe OyeT CYUeCTBOBaTb MPH JOObIX A , OMHAKO OHO JaJeKO He BCerfa 
Oyler C(MHCTBEHHBIM, HW pM pellieHuH 3afauM ycrowunBocTu ciefyer: 1) ZaTb 
omucanve ucla (A) BO3MOXKHBIX HalpAXKeHHbIX COCTOAHHH OOOMOUKH TIPU 
pasiMuHbIx A; 2) ompeqemuTb cTeMmeHb peasIbHOCTH KaxKLOH us PopM paBHO- 
BeCHA OOOJIOUKH, eCJIH YHCIO (POpM MpeBbilaeT eCMHHILY (7 (4) >1, KaK 3TO DoKa- 
3aHO B (‘)). 

PaccmMorpuM JWI mpuMepa cJlyyali 3ayenaHHoH OGonouKH. B 9ToM curyuae 
neppad uacTb 3afaun ycToluMBocTH CBOAMTCH K H3yYeHMIO UNCJIa pelleHHH 
n(\) HelMHeHHO KpaecBoli 3aqauH (B MatbHeliiueM OyemM AA KpaTKOCTH ee Ha- 
3bIBaTb HK3) JIA CHCTeMB!: 


{—o 1 $ eres é 
B {a5 l(Bu)a + (Ardell +52 A typ laude — (Bo)l}, + G52 ABu = 


a % & 
Bw) BWwEY Bo BY A(1—s) ee Wig ee 
=—(z + “ ¢),—o— as 2 ), y pe a iC) 


B 
A 27 . Was w) we w w 
bey ay fa 4 MMB) gpm (8 42) 
cee (—2)(g" + aa) +B | Reece | zt za) () 


mw hl 


ALA ((Ao)s + (Bu)al}, + S28 {pp l(Bo)e (Adsl, + aR, ABO = 
=—(- +e) o(— et a) a et a 


ee ieee Rt ter B+ al S 


ABV'w — 5 {T [4 By Mees a(2) ]+7.[% +e poe alae 


as 2S ae see + eae — wa} = 


~— Eng oC] + 7 e+ P| 


sepa oe oe ) — W,BX -—— AY} ; (3) 
Ultg = Vig =9; (4) 
w Ee =% a =n, (5) 


B (1) —(5) u, v, w—nepemetlenHa TOueK cpeqMHHOM . NOBepXHOCTH O6o0- 
2 1 1 1 
nouku; A, B— KoadduguenTb ee nepBo opMbI; Bi’ Be’ Rg 7 SPHBMSHEI 
{ 1 , , t 
o6onouKH; T;, To, S —TanrenitvabHble ycuJIMaA B Oe3MOMeCHTHOM HallpsKeH- 
HOM COCTOAHHH UpH A= 1. 
ByleM cuHTaTb, YTO Npu JNOObIX W, YROBJETBOPAIONIMX TpaHHuHbIM LS 
BHAM (5), HMeeT MeCTO fe roe 


ws 1 Gan 
pa =\ ("ie ai + To at +28 mie AB dau dB > 0 


u us /'’=O pspiTtekaer w==0. Hapsny c wHauleH HK3 paccMoTpHM 
HeKOTOpyloO JIMHeHyIO KpaeBylo 3afauy (JIK3) VIX CHCTeMbI, NOJIyuaroulel- 
ca u3 (1) —(5), ecm ee HHeEapH3HpoBaTb OTHOCHTeIbHO w. Takylo cHcTemy 
MbI MOJIYYHIH Obl, eCJIM Obl MbITaIHCb pellaTb 3afayy YCTOMYMBOCTH OOOOUKH 
MeTOJOM JIMHeapHsalHu Oiviepa. 

Jlemma. Touku cnexmpa aKk3 oOpasytom cuemHoe mHoocecméeo Ha Oeli- 
cMeUMEeAbHOLL OCU, Umerolee eOUNCMBeHHYIO NpedeAbHyto mouky Ha + oo. 

Havmenbiliee coGcTBeHHOe YHCJIO JIK3 HMKe OyeM OOO3HaYaTb (JI. Siiepa). 

Teopema 1. Cnekmp HK3 pacnonosteH cnhpaea om HeKomopot mouKu 
hy > co, Npuuem arbot noayuNmepean dyKdK<hy +e, ede ¢ >0 —ckoro 
yeoOHO Manoe 4ucAo, codepocum no Kpatined mepe OOHY mouKy cneKmpa. 
Kpome moezo, 6ca nonynpAmasn h> dy Npunadnencum cneKmpy HKS. 

B cuay Teopempr 1 n(A) = 1, ecm A<c dy. 

Teopema 2. Cywecmeyem uucao hy makoe, umo npu ecex K>)dy na- 
pAdy c be3smomenmnott popmou paenosecun o6on0uKa o6radaem no meHoweti 
mepe OOHOtL MOMeNMHOL Cc OoAee HU3KUM YPOBHEM NomMeHYUAaAbHOLL anepeuu 
CUCMEMOL. 

Ecau k}<hy, au6o0 ne cytecmeyem momenmunoix Ggopm paenoeecua ob0- 
AOUKU, AUOO Kasdan mMOmeNMHAA Gopma umeem 6onee BviCoKUtL YpoeeHo 
NOMEHUUANbHOU aHepeuu cucmembl, wem Oeamomenmunasn. ITpu smom umetom 
mecmo Hepaeencmea 


Tie opemranswEcnm uk» sstRs = Ry,=0o U, CredogamerbHo, ob0n0KKa 
npespaijaemcn 6 NAACMUHY, MO dy = hy = dz. Ww? 

Takum o6pa3om, jWId muiactunpr Teopemst 1, 2 u 3 nomHocTEIO pellaror 
BoNpoc O cTpykType cnekTpa HK3. Menno, ecm k<hs, TO n(k)= 1; ecru 
ROS NEST Ott (A) S212) 

Teopema 3 MoxeT paccmaTpHBaTBCA KaK onpaByaHue metoya JIMHeapH3salnn 
MpH pelleHHH 3afay ycTowuuBocTu Wiad miacTuH. 

Cchopmysiupyem Terlepp HeKOTOpHI MpH3Hak, BBINTOUIHeHHe KOTOpCro jlelaer 
H€BOSMO2KHBIM HCHOJIb30BaHHe cmocoOa suHeapH3anun. WVspecrHo, uto B npen- 


moviowKenHax. X. M. Myairapw norenuuamuat 2ueprua cuctempr J Moxer 
ObITh NpescTaBeHa B Bue 


I= I (ww) + 1% @) + 1 @), 


(k 
rae I (w), R= 2, 3, 4, — HeKOTOpPbIe OJHOPOAHbIe OTHOCHTeJILHO w yHK- 
WMOHAIbI ropaAyKa R. 


Teopema 4. IIycmo cyiuecmeyem anemenm y, npuHadneowauuti cob6- 


cmeeHHomy nodnpocmpancmey d, u maxoii, amo 1° (~)-0. B amom cay4ae 
umeem mecmo cmpoeoe Hepagencmé6o hy << hg. 


Taku o6pa3oM, mp BEMosHeHHN cooTHomeHuA J (3) 0 cneKTp HK3 Helpe- 
‘PHIBHO MpoMosDKaeTcA BeBO oT A,. Tlostomy B MaHHOM cuIyuae JIMHeapHsalHA 


pH peuienwu sayay ycToliunpoctu Heso3sMoxHa. Ycsosue J© () -=Q MoOxeT 
ObITb NpOBepeHO JIA PasHbIX CwIyGaeB 3aeNKH WHIMHApHyecKUx, KOHMYeCKHx 
MW cibepHyeckux oOOo04ueK. B HeKOTOpbIX H3 93THX CJIyYaeB HeOOXOAUMOCT 
nepexofla K HeJIHHeHHOH TeopHH Mp pellleHHH 3aay yCTOMYMBOCTH ycTaHaB- 
JIMBalacb paHee IyTeM MpHOvIMKeHHOrO pellleHHA 3aa4uH KaKHM-JIMOO MpAMbIM 
MeTOJOM (°, *). 

Teopema 5. Aaa moeo umodot mouka h Oolaa moukou O6uqdypKayuu 
HK3, HeoOxoOuUmMO WU Oocmamo4Ho, 4mobbl h ObolAO COOCMBEHHOLM 4UCAOM AKS3. 

JjoKa3ateJibcTBo 9TOrO (bakTa Oa3HpyeTCA Ha HeKOTOPbIX CBOMCTBax (PyHK- 
IWMOHaJIOB, OJIM3KHX K KBapaTHuHbM (8). 

IIpupeyqeM HeKOTOpbie MakTbI, xXapakTepH3yloulve MoBeyeHHe oOOoulo4“eK 
nocyie NoTepH ycTOH4yMBOCTH. 

Teopema 6. Kastdomy ypoenio nomenuyuanronoti anepeuu I naacmunel 
nocae nomepu ycmotiuueocmu coomeemcmeyem cuemHoe 4ucAO COOcMeeHHOLxX 
QYHKYUtL Wn, HK3. ITpu amom ece coomeemcmeytouue coOcmeeHHole 4uCcAa 
An > hy U yn 00, CCAU N—> OO. 

Jloka3aTesIbcTBO aHHOrO (PakTa MOXKHO MOJYYHTb, eCJIM 3aMETHTb, 4TO HC- 
CleqOBaHHe MOBeeCHHA MJIaCTHHbI MocsIe NOTepH yCTOHYMBOCTH SKBUBAaJICHTHO 
W3yYYeHHIO KPHTHYeCKUX TOYeK CJ1a6O HeIpepbIBHOrO YeTHOTO PYHKWMOHAaIAa Ha 
eHHHUHOL cepe B npocrpancTBe sHepruu usrnOa (°). IIpu sTOM Mo2xKHO BOC- 
MOb3OBaTbCA TeopHelt, WaHHoH B (°~?”). 

CkaxKeM H€CKOJIbKO CJIOB O BTOPOM Borpoce 3afayH YCTOKMYHBOCTH —O cTe- 
TleHM peasIbHOCTeli KaxK Joli dopMbl paBHoBecna. EcuH A< Aq, To (Teopema 1) qau- 
HbIli BOMpoC He BO3HUKaeT, TaK Kak B 9TOM CJlyyae OOOMOUKAa OOaqaeT OMHOK 
6e3MOMeHTHOM cbopMol paBHosecna. [Ipu A>), MOXxKHO TOKasaTb, YTO Oe3Mo- 
MeHTHas (popMa paBHOBECHA Ilepecraer ObITb OTHOCHTEJIbHBIM MHHUMYMOM TIOTCH IIH 
aJIbHOM 9Hepruv OOOMONKH. Ecuv Ke Ag Ay, TO wapsyly c Oe3MOMeHTHOH (pop- 
Moi MOrYT CYUI€CTBOBaTb M yCTOMUMBEIe MOMeHTHBIe. PelteHve Bompoca oO CTe- 
eH peasIbHOCTH KaxKJO u3 STHX CopM TpeOyer MpPHBMeIeHHA BePpOATHOCTHDIX 
coo6paxennii. Takad BepoATHOCTHad TpakTOBKa JaHHOH 3aadH MO?KeT ObITb 
mpHOmmxKeHHo mocrpoena. IIpu sTOoM YyUHTbIBaeTCA PacceMBaHHe XapakTepH- 
CTHK Camoli oGom0uKH, cloco6a ee 3akpenicHua M BHeEWHUX cn. IIpeqnouia- 
raeTcA, UTO BHELWHME CHJIbI HMCIOT ABE COCTABIAIONLHE, U3 KOTOPbIX OAHA BbISbI- 
BaeT YCKOPeHHA TOYeK OOOMOUKH THA yCKOpeHHH 6pOyHOBCKOrO JIBHXKeHHA, a 
-pyrad eCTb HelpepbIBHbIM CyYaHHbI Mporlecc. Onpefejenue paccesHHA : 
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nporu6ax o6osIOUKH CBOAMTCA K pelleHHio ypaBHeHus CMOJlyXoBCKOrO H No- 
CJIEMLYIOULEMY IIPHMCHEHHIO TeopeMbI O NOHO BeposTHocTH. Bo MHOrMXx pakTH- 
YeCCKH Ba?KHbIX CJIYYaAtX HeMOCPeACTBEHHO MOJy4yaIoTcA pacueTHble POpMYVJIEI. 
Ha ocuospe JaHHOl TpaKTOBKH MOXKHO, HalpuMep, OXapakTepv30BaTb HeOO- 
XOIMHMYIO TOUHOCTh H3FOTOBJIEHHA OOOJIOUKU (TrvlaBHbIM OOpa3oM, B BBIMOJIHe- 
HHH (OpMbl CpeAMHHOM MOBepXHOCTH), KOTOPad Obl TapaHTMpoBasa mmpeObiBa- 
HHe OOOJIOUKK C TOM HJIM HHOM BePOATHOCTbIO B O€3MOMCHTHOM HalipsxKeHHOM 
COCcTOAHHH. 

B 3akJIOUeHHe OTMeTHM, 4TO BCe NMepedHCJIeHHble BbIMe PakTbl COXPaHAIOT 
CBOIO CHV H JIA PpANa Apyrux cyyaesB 3aKpenJeHuA OOOJOUKH. 


Tloerynusio 
28 VI 1957 
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ACT POHOMH # 


B. B. COBOJIEB 
O CBETHMOCTH TOPSAUNX 3BE3] 


(ITpedemasaeno axademuxom B. A. AmOapyymanom 6 VI 1959) 


Kak W3BeCTHO, OMpeyeseHHe CBeTHMOCTeli Tops4uHX 3Be3q mMpelcraBaset 
Oo/bINve TPYAHOCTH, TaK KaK OCHOBHAA YaCTb 9HEPIH UBTy4aeTCA STHMH 3Be- 
3aMM B HeBHMMOM BbICOKOYACTOTHOH OOAaCTH cneKTpa. OObINHO CBeTHMOCTH 
3Be3 ONpeeAIOTCH MPH WONYWeHHH, UTO TeMMepaTypa BOsOyxKeHHA, HAaxo- 
AHMaA MO CieKTpaJIbHOMY KJlaccy, paBHa sdPeKTHBHOM TemMNMepatype 3Be3 Jbl. 
Bostee TOUHO CBETHMOCTb 3Be3{bI HAXOAUTCA MYTeM MOCTpOeHHA MOJeIH aTMO- 
cepbl MpH 3aaHHbIX 3HaveHHAX ZeKTUBHO TemnepaTypbl 7, u yCKOpeHHA 
CHJIbI TAXKECTH Y,a TAK2%xKe TPH 3aaHHOM XHMM4UeCKOM CocTaBe. CpaBHeHHe BBI- 
YHCJICHHOTO CII€KTPa 3Be3bI C HaOJIOJCHHbIM CNe€KTPOM MO3BOUIAeT OMPeAeIHTS 
3HayeHHe 7), WIA TaHHOl 3Be3Jb. 

CnekTpbl ropsxuux 3Be3q BENCIAIHO. P. Mycremp (1), Angepxua (*) u Xp. 
IIpuH nmomomM ux pesybTaTOB MOryT ObITb OMpeeeHbl CBETHMOCTH «OOBIUHbIX» 
3Be3, O u B. Onnako B cuIy4ae KOCOGeHHBIX 3Be32» Meo OOcTouT coxKHee. Hu- 
me PpacCMaTpHBaeTCA BOTIpOC OO ONpeyeweHHu CBeTHMOCTeH 3Be3q WR u OewbIx 
KapJIHKOB. 

3Be32n THMa WR. II puuaro cuntats, yTo u3 3Be3q WR mponcxomnt He- 
IIpepbIBHOe HCTeYeHHe BeULeECTBA, MPHBOAMLee K OOPasO0BaHHIO MPOTS2XKeCHHbIX 
aTmMocdep. Teopuio mpoTsaxKeHHbIxX aTMOcdep BrepBble paccmaTpuBal H. A. Ko- 
3pipeB (*). OqHako B ero Teopuu Jomyckaetca, To: 1) KoadpulnenT norsoute- 
HHA He 3aBHCUT OT aCTOTHI; 2) B aTMOC(Pepe OCYLIECTBIACTCA JOKaJIbHOe TepMO- 
MHamuyeckoe papnosecne. IIpapuibHad Teopua atmocdep 3Be3, WR Joma 
CTPOHTbCA MpH yyeTe TOrO, YTO MOTVIOULEHHE BbISbIBAeTCA PeaJIbHbIMH aTOMaMH 
(BOJOpoyom, TresHweM) H 4TO B aTMOCiepe MpoucxoZUT MepepaoorKa BbICOKOUA- 
CTOTHOFO H3JIYYeHHA B KBAHTbI MCHbLIHX YaCTOT (B NPHHWMNe TakaAw Ke, Kak B 
Ta3OBbIX TYMAaHHOCTAX). 

TIponecct: cpeyenus o6on04eK 3Be3q WR Obl MOApoOHO ucCJIeOBaHbI He- 
CKOJIbKO JleT Ha3a B paGorax aptopa (*) HB. I. Pop6arxoro (°). [losyyenupte B 
9THX paboTax pesYJIbTAaTbI MOrYT ObITb NPHMeHEHH! Kk OlpeeIeHHtO CBETHMOCTeH 
3Be3n WR. 

[lpu61m2KeHHO MbI MOXEM CUHTATb, YTO CaMa 3Be3fa (6e3 ‘armocipepb!) H3- 
Jiyuaer mo 3akony IlnanKa. J.ia onpeqeueHua TeMNepaTyPbl 3Be3 Ibi MOAET ObITb 
VCHOJIb30BaH YTOUHCHHBIi MeToy SaHcTpa (m0 JIMHHAM HOHOB C OOJbIINM N0- 
TeHUMaJIOM HoHUsaluH). Jia onpeyemeHuA xe paduyca 3Be3LbI HeOOxoAuMO 
YUHTbIBATb, YTO NPOUCXOAAMaA B aTMOchepe (UyopecieHMMA CHJIbHO YBeHUH- 
BaeT BUIUMbIII Oneck 3Be3IbI. Teopux faeT, YTO BMAHMe aTMOCepbI Ha BHH- 
MBI OJIeCK COCTaBJIAe€T HECKOJIbKO 3Be3J{HbIX BCJIMUHH. 

3ametum, utTo eme B. A. Bopoxitos-BebaMHHOB (°) mpeqiaradl mp HaXxOxk- 
qeHuu cBerumoctel 3Be3 WR yunTblBaTh spekT APKUX MOVIOC. Ilo ero ompe- 
WeneHusmM sTOT appeKT CocTaBIAeT HECKOMKO ACCATHIX 3BE3HOH BewHUHHEI. 
B jelicTBuTeMbHOCTH 2Ke BIINAHME ATMOCHepbl Ha OW1ECK 3HAYHTEMbHO 6onbiue, TAK 
Kak aTMoc(bepa H3qVv4aeT 2HEPFHIO He TOIbKO B JIMHHAX, HOM B HelpepbIBHOM 
cneKTpe. # 
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Mutepecuo, 4TO BAMAHHe u31yYeHHA OOOJIOUKH Ha O/leCK 3Be3QbI MOXKET 
ObITh MpHOIMKeHHO HalieHo us HaOwoseHHH. Jeno B TOM, 4TO ApaMu Mla- 
HeTapHbIX TYMAHHOCTeli B OMHUX Cy4YaAX ABMAIOTCA 3Be3qb1 WR, B Apyrax— 
3Be3qbI O. Tak Kak BuuMbIi Oreck 3Be3qbI WR joumKeH OpiTh OObINe BUH- 
moro 6JlecKa 3Be3b! O (pu OAHOM uM TOM %Ke TemmepaType), TO paSHOCTb 3Be3]- 
HbIX B@IMYHH Apa HW TYM@HHOCTH B MepBoOM Ciryyae (T. e. B CTyyae Apa WR) 
ylOuoKHa ObITb MeHbIUe, YeM BO BTOPOM. Tak 9TO HM eCTb B JeCHCTBHTeEMbHOCTH. 
Cpequaa Benuuuna M,—M, Ana 12 TyMannocred c sqpama WR us cnucKa 
Baw Ilemra (7) oka3anacb paBHolt 1,76. [Ina TyMaHHocTeH xe c sqpamu O 
ona mopagka 3—4™. Takum oOpa3om, BIMaHMe u3y4eHUA OCOoO“KH apa WR 
Ha BHUMbIM Oeck CocTaBAAeT B CpeHeM 2 3Be32HbIe BeJIMYHHBI. 

Yka3aHHbIM BbIWe cmoco6om Obilla ompemeteHa cBeTuMocTb 3Be3qb1 WR, 
Bxodsnueli B DBolinyio cuctremy HD 193576. Ona oxa3anacb nopayKa 3 -10* 
Leo. Macca stoi 3Be3nHI paBHa 12,4me.9Tm 3Hauenua L u mnpumMepHO yOBJeT- 
BOPAIOT COOTHOWIeHHIO «Macca — CBeTHMocTb» (L—m*). Bes yyera BJIMAHHA 
W3y4eHHA OGONOUKH Ha OeCK 3Be3bI, CBeTHMOCTH 3Be3, WR noJlyyaloTca 
3HaUHTeIbHO OoIee BbICOKHMH. 

Beane xkapauxku. B armociepax OeubIx KapJIMKOB OUeCHb BeJIMKO 
YCKOPCHHE CHJIbI TAXKECTH. ITO MPHBOAUT kK AByM addextam: 1) creneHb HOHH- 
3allHH ATOMOB B aTMocdepe Gesloro KapJINKa HHKe, YEM B aTMOCHepe «OObIMHOH» 
3Be3JIbI TOM 2Ke TemMMepaTypbl; 2) HHHM MOPJIOULeHuA B CMeKTpe Oesoro KapJIMKa 
CHJIbHO pa3MbITHI adpdbextom Ulrapxa. Ilostomy cneKktTpbt OeubIxX KapJIMKOB Ma- 
JIO MOXOXKU Ha CHEKTPbI <OObIHHHIX» 3Be3. Hanpumep, B cnexTpe 40 Opuzan B 
BHUAHbI BCero YeTHIPe JIMHHH NOormomenuA (Bce — OasbMepoBCKkOH cepHnu). OZ- 
HakO HaGuoaTeiM — 10 HaJIHYHIO TEX HJIM HHbIX JIMHHH B CNeKTpe HM NO NOKa- 
3aTejiO WBeTa —BCe Ke MpHMHCbIBalOoT OeJIbIM KaPJIMKaM oOnpeyeJIeHHbIA 
CHeEKTPaJIbHbIM THM HU OmpesenaioT OTCIONa ad:deKTHBHble TeMMepaTypbl Kak MWA 
<OOBMHbIX» 3Be3. TlonatHo, uTo 3TH adPeKTHBHbIe TemMMepaTypbl 3aCJLy2KH- 
BalOT MaJlO JOBepHit. 

MoxHO JyMaTb, 4TO Oeble KapJIMKH B JeHCTBHTeJIbHOCTH TropsAyee, 4eM 
NpHusATO CuRTaTb. B nowb3y STOFO BSIvIAa MOXKHO MpPMBECTH CJIeMyrIoUHe CoO6- 
parxKeHHa: 

1) B cnextTpax Oeubix KapJIMKOB OTCYTCTBYyeT OasIbMepoBCcKHH cKayoK. Kak 
u3BecTHo, upH 7.=10000° (kmacc AO) ckayoK o4eHb BeHK (HHTCHCHBHOCTb JO 
mpeqela mpHMepHo B 3 pa3a OouIbIue HHTCHCHBHOCTH MocJIe Mpesemta), a C NOBBI- 
IueHHeM TemnepaTypbi cKayoK yOpiBaer. Ilostomy oTcyTcTBHe CKauKa B CIeKT- 
pax OeJIbIX KaPJIMKOB MOXKHO OObACHATh UX CPaBHHTeJIbHO BbICOKOH Temmepa- 
Typou. [Ipapya, CkayoK MOKET TakKe Pa3MbIBATbCA BCEACTBHE BbICOKOFO JaB- 
JIGHHA B aTMoc(pepe. 

2) Ha noxa3aTeiu WwBeTa OebIX KaPJHKOB CHJIbHO BJIMAeT MOPOUleHHe B 
BbICOKHX WIeHaX OaJIbMePpOBCKOH cCepHu. OrToT adppekT HeaBHO UCCTeLOBaH 
amMepHKaHckHe actpodusnKu (8). M3 ux aHHbix BbITeKaeT, TO MOCIe OCBOOO- 
%KCHUA OT YKa3aHHOrO s*dekTa NOKasaTeH WBeTa OeIbIX KaPJIMKOB JOJDKHBI 
SHAYMTEIbHO YMCHbIUNTbCA (MpHMepHO Ha O,3 3Be3HOH BeIMUHHDI). 

3) Mogens atmocdeppr Genoro Kapauka 40 Spuman Bc JT. = 13800° u 
Ig g= 7,69, mocrpoeHHaa HefaBHo Ipenunkom (°), nmoxo corsacyerca ¢ pe- 
3YJIbTaTaMH HAOMIONeHHH, IPHYEM MOX%KHO O%KUAaTb, YTO MPH NOBbIMNeHHH T, Co- 
ruiacue OyeT syuue. 

4) Paguyc Oenoro kapsuKa Cupuyca B, naiizenupit m0 Myy3 u Te = 9000°, 
Ooulee 4eM B Ba pasa MpPeBOCXOAHT pauyc, OMpeseeHHbIii H3 TeopeTuyecKoro 
COOTHOIWICHUA MexKLy palMycom HU MaccolH (MpH CpeMHeM MOJIeEKYJIAPHOM BeCe, 
oOecneunBaloljeM YCTOHYMBOCTb 3Be3fb1). Bpwio ormeyeno (cm. (!°)), uTo mpu- 
UHHOH STOPO paCXOxKeCHHA MOKeT OVITh HeHaexKHOCTh oNpeketenua T. m0 
cnekTpy, Tak Kak Ha CnekTp Cupuyca B cusbHo BuluseT H38TyYeHHe Cupnyca A. 
PacxoxwkeHwe yCTpaHAeTcA, eC MPHHATb, TO sPpekTHBHaA Temmepatypa 
Cupuyca B xe 9000°, a nopayKa 25 000°. : 

5) Hexoroppie Oenmbie KapJIMKM OOsaaloT CneKTpaMM 6e3 sMHHM MOrsomte- 
HHA WH CO ClaObIMH SMMCCHOHHbIMH JMHHAMH. [lonpITKy OObACHUTh 9TH CHeKTPHI 
42. 


cmenant Henapio Kyzo (*'), nonyanBumit ana paccmaTpHBaemplx 3Be3n 
UPeSBLIaHHO BbICOKHe SdpeKTHBHbIe Temnmepatypbi — mopsgKa 300 000°. 

Ec odbexTuBubie TemmepaTypb! SebIX KaPJMKOB OObIUHO 3aHH>KaloTCa, 
TO TEM CaMbIM 3aHW2KalOTCA HM UX CBeTHMocTH. BosHuKaeT mosTOMy BOMpoc, He 
ABJIACTCA JIM H3BECTHOC OTKJIOHCHHE OeJIbIX KaPJIHKOB OT 3aKOHA «Macca — 
CBETHMOCTb» CJIEICTBHeEM 39TOFO 3aHHKeHHA. 

B wactosmee Bpema HMeloTCa BCero Tp GevIbIX KapsJMKa C H3BeCTHHIME Mac- 
camu: Cupuyc B, IIpomuon B u 40 Spugan B. Cnextpsr aByx mepBbIx n3 HUX 
BCJIENCTBHE CHJIbHOrO BJIMAHHA TVlaBHbIX KOMMOHCHTOB CHCTeM ompesleueHbi 
NJIOXO, MOSTOMY OYeCHb TPYHO OMpeeIHTb TOUHO MH MX CBeTHMocTH. Bce xe 
MOXKHO YTBepxKAaTb, YTO MPHBOAMMbIe B JHTepaType cBeTumocTu Cupuyca B 
¥ IIponvona B jomKub! ObITh 3Ha4MTebHO NOBbINeHBI (KaK BCEXCTBHE OOero 
cooOpaxkenua oO HeOOxOLuMOCTH yBeINUNTS T, WIA OesbIX KAaPJIMKOB, Tak H 110 
pally Mpyrux cooOpaxkenuli). B myumem momowKeHuH HaxoguTca Genii KapmuK 
40 Spufan B, cnextp xKoroporo ompezenen xopomo. JI Hero momyueHo 
m=0,45 mo, L =0,006 Lo (npu 7. = 13 800°). Stu sHayenua m u L ue ouenb 
CHJIbHO OTKJIOHAIOTCA OT 3aKOHa «MaCCa — CBeTHMOCTb», a TaK Kak T> JOJIKHO 
ObITb, MO-BHAHMOMY, BBILe, TO OTKJIOHeHHe OyeT ee MeHbINe. 

BosMoxKHO, YTO COOTHOWIeHHe Mey MaccaMH MH CBeTHMOCTAMH GOeubIX Kap- 
JIMKOB TIPHMePpHO TakoOe Xe, Kak WIA <OOLIUHEIX» 3Be30. B Takom ciryuae Cheman- 
Hoe HaMH pauee (!") mpesmosoxeHHe O TOM, YTO <OObIMHBIC> 3Be3bI HMEIOT AZ- 
pa, moxoxue nO cBoeH CTpyKType Ha OeJIbIX KaPJIMKOB, CTAHOBUTCA Gosee Be- 
POATHBIM. 


Tlocrymusto 
3 VI 1958 
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Jloxaagn AKkagzemun Hayk CCCP 
1958. Tom 122, N 1 


MATEMATHYECKAA ®H3HKA 


M. 9. MAHEP u JI. B. WMPKOB 
O ABYXMEPHOM MOJ(EJIM THPPMHrA 


([Tpedcmaeaeno axademuxom H. H. Bozoaw6oeom 5 V 1958) 


Cuenya Tuppunry (1), paccMoTpHM B ByXMepHOM MpocrpaHcrse — BpemeHH 
HeJIMHeHHYy!O TeOpHIO CNHHOPHOrO MovIA Cc MarpaH2kvaHOM B3aMoselcTBHA 


L (x) = g2 P(x) oY (x) h(x) a(x): ; (1) 


3mecb 609 = /, a o', o?, o? — oOblunble MaTpuub! [lay Broporo para, upHuem 
CyMMHpoBaHHe B (1) onpememeHo cuieqyIouluM o6pa3om: 


ox ome EXT =a! x ot —o? x a4 — 0 K G3. (2) 


JlarpanxkuaH (1) npeszctaBaaet co6ol eHHCTBeEHHYIO KOMOMHAILHIO, CHM- 
‘METPHYHY!IO OTHOCHTEJIbHO TepecTaHOBKH JBYX AHTHKOMMYTHPYIOUINX OnepaTOpoB 


® u (Hm) AByx b. On MoxerT ObiTb NpwBesen K chopme 


L (x) = 4g: d(x) b(x) o(x) O(a): . 


PacemoTpHM 2eMeHT S-MaTpHIlbl, COOTBETCTBYIONIMH pacceHHHIO JByX 
-4acTHIL c HY/IeBOH MaCCOl, KOTOpbIM MO2KeT ObITb 3amvcaH B BUTE 


S= 78 \ $2 (p') Yo (4) Py (q') bs (p) 8 (p’ + 9’ — p—4) xX 


4x? 


x Pease (0.0.07 G70 ep eg a4, (3) 


rae dynkuual’ o6ayaeT OUeBHAHBIMH CBOHCTBAMH AaHTHCHMMeTpHM H Nospa3sy- 


MeBaeTCH CYMMHpOBaHHe 0 HeMbIM HHeKcaM. 
Bo RTopom nopayKe TeopHi BosMyuleHHH movyuaem qua I caenyronee 


BbIPavKeHHe 


9 2 4 as os 
Gia eats epee 8 cf) 


rae P =(p’—p)/2, Q@=(p +q)/2, a C —noctosHHad, cofepanad MH(ppa- 
KpaCHYIO paCXOJHMOCTb, KOTOpPaA Ist TpOWeccoB paccemHUA PeaJIbHbIX YaCTHIL 
MoxKeT ObITS OTOPOeHa H3 COOOpaxXeHHH HOPMHPOBKH. SameTeM, UTO BbIpaxke- 
Hue (4) He coqepxKHT yMbTpa(PHONeTOBbIX PacXOAHMOCTEeH. 


VYuutpipad antucummetputo L'a. ~3(p'.9',P.g), MOulyYaeM OKOHUYATEJIBHO 


i ae (p'9'sP.9) = (3% x o”5) ie (pap. 4), 
TON Ree (DP. pa a) a 
T'(2) (p q Pq) = | — = In ~ (pq) - £C, 


rae C — MpoOu3Bo/IbHan KOHeCYHAA nMOCTOAHH aH. 


3ailimemca Temepb yay uinenHem "AMMpOKCHMAlLHOHHBIX CBOHCTB BbIpaxxeHHA 
(5) MeToqOM peHopMasim3alHOHHO rpynnpt (*). 

Penopmasu3allMoHHad rpynma [vid paccMaTpHBaemoro CJlyyad HMeeT TakylO 
Ke CTpyKTypy, UTO M peHOpMaJM3allHOHHaA Tpyia Ws HeJIMHeHHOH Me30H- 
Holi Teopuu, mostyualonlelicn M3 JByX3apA,HOM Me30H-HYKJIOHHOH TeOpHi B 
Upelee BbIKJIOUeCHHA Me30H-HYKJIOHHOrO B3aVMOJeHCTBHA. 

Coorgercrsyloulve (PyHKMHOHaJIbHbIe ypaBHeHua HMeloT Bu (?) 


d(x,g) =d (t.g)d(F, ge (tg); (6) 

Dis cae eee ee * ,g9 (tg); (7) 

p(t,g) =a? (t,g) T(t,.. tg). (8) 

3yecb d — cKaNApHbIi YHCIMTeb OHOUACTHUHOK (yHKuHH Tpuna; x,,...,X%—— 


6espasMepHble CKaJIApHble He3aBHCHMbI€ HMIMYJIbCHbIe apryMeHTb! (yHKWMH 
I’, KoTOpble MbI BbIOHpaeM B CJeyIOUeM Buse: 


Uy Dane, ry = pay, x3 >= Gane’ X= q? |, (9) 


Geniuk D 
X3\= ee X_ = (p’ —9)7/*, 
rye }\— oObIuHbI HMMyJIbc +HOPMHpOBKH. 
@MyHKUHA ~, BBeAeHHad B (8), NpemcTaBaeT COOOM WHBapHaHTHbIN 3apsxAy. 
Vinterpupys oOpruHbim o6pa3om AudpepeniiwalbHoe ypaBHeHve JWIA 9, mMomy- 
yaemMoe U3 ypaBHeHHl (6), (7), (8), merko yOequTECA 4TO 


9(x,g) = 1. (10) 


ITO COOTBeETCTBYyeT TOMY, YTO B HH3IeM NpHOmHxKeHHH d= 1, a CHMMeTpHUHOe 
mO MMIMyJIbcaM BbIpaxeHHe Jaa I’ coruiacHo (5) Take paBHO eAuHMNe. TakHM 
o6pasoM, B JIMHeHHOM MO g mpHOmMKeHHH 3apay He NMepeHopMupyetca, TO B 
KOHEYHOM CUeTe ABJIACTCH CJIeCTBHeEM OTCYTCTBHA YJIbTpapHoJleTOBOH pacxoJH- 
MOCTH B BbIpaxeHHu (5). 

Tlepexoqum kK yulyuileHHto BbIpaxKenua quia TB cayyae paccesHua ByxX 
PeaJIbHbIX YACTHIL, Kora xX, = X%_ = X3 = X%, = 0. OGosHauaa 


Pi(@, ORO Os ns 2) cl (en 2s 


nouryuaeM u3 (5) 
4z 


(S278 


C yuerom (10) “43 ypaBHenua (7) nowydaem AudpepeHwnabHoe ypaBHenue 
JIn naa I(x, y, g): 


x 


ro (x,y,g)=1—£ f(=), fF@= in 


y 


Linton) = Lito La)l, 8s (8) 


™ OX 


rye B WpaBok wacTH, KaK OOBINHO, OCTABJICHbI TOJIbKO WIeCHbI, NPOMOpIHOHaJIb= 
Hbie g. UnrerpHpopanve sToro ypaBHeHuaA c yyeTom cBolicrsa f[(1)=1 jaer 


4 |r 
Py.g)= besens cae ; 
YJ : 
T (p’.q'.P.9) = |? =e oe le (11) 


| 
SaMeTHM, 4TO TPH BbIBOLe STOH opMyJbI OblIO CemaHo eMHCTBeHHOe 
npHoOsMxKeHHe, COCTOAUIee B NpeHeOpexkKeHHH YWICHaMH BbICUerO MOpAAKA NO g. 
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Tlostomy, B HeKOTOpoM cMBIcse, dopmysia (11) aBameTcA TOUHOL B mpeee Ma- 
JIBIX §, B OTMHUHE OT OOMHbIX Pe3yJbTATOB, MOMYYaeMbIX MeTOAOM PeHOpMawH- 
3allMOHHOM TPYNMbl, CUpaBeIMBbIX JIMUIb B aCHMNTOTHYeCKUX OGaCTAX UM- 
MNYJIbCHBIX N€Pe€MeHHEIX. OTOT (pakT O6ycOBeH HYyMeBOH Maccol uacTuL, )-MOsA. 

SameTuM ee, uTO dopmysia (11) mpegcrapnser co6oli TaKxKe KOHTPIpuMep 
K pelenTy NOJYYeHHA HMIMYJIbCHbIX ACHMNTOTHK, JaHHomy B (*) (cmorpu noz- 
poOuylo Auckyccnio sToro Bompoca B (°)). 

®opmysta (11) Becbma Hanomuuaer pesybrar Tuppuura (popmysa (4.11) 
v3 (*)),B npewene MamIx g = 4. IIpegqnonaras, uro coorBercTBHe M@KLY Hallam 
Pe3yJIbTAaTOM HM pe3yJbTaTOM THppuHra COXpaHHTCA B BBICWIMX NOpAAKaXx m0 
g (4TO ABJIAETCA BECbMa BEPOATHBIM, Tak Kak PaCCMOTPeHHbIe MOE OTAHYA- 


IOTCA JIMUIb CBOHCTBAMH CHMMCTPHH), MOMKHO OXKHAaTb, uTO pH yuere BBIC- 
IUMX MpHOMWKeHHH MOTyYNTCA 


a 2 ds a aria 

/ ie eax —c 

P(p’, 9’, ps 9) [ aan | (12) 
O70 OyfeT O3HaaTb, YTO 3apA HE MepeHopMupyerca BOOOUIE, T. e. UTO PopMysa 
(10) ocraerca BepHolt BO BCex nmopssKax nO g. 

IlocneqHee 3aMeyuaHve cmpaBeqiMBo 6e3 BCAKHX OFOBOpOK WIA MOEN 
Tuppuura, KoTOpad, TaKHM OOpa3oM, OGJlafaeT CJIeELYIOUIHM 3aMeuaTeJIbHbIM 
cBolicTBoM. B orMune OT BCeX paCCMOTPeHHbIX JO CHX Op TeopuH mols 
3Ta MOJeb HE MPHBOAHT K HeE3AMKHYTOCTH MeTOJa Cabo CBA3H (HJIM, 4TO 
SKBMBaJICHTHO, K TaK Ha3bIBaeCMOH TPYHOCTH «OrapudMNyecKOrO MosIOCa»). 

B 3akJNOYeHHe aBTOPHI BbIPaxKaloT OsarogxapHocth B. E. Tappuury 3a mpu- 
CbIJIKY MIpenpHHTa MW 3a BeCbMa MOesHble 3aMeuaHHA, a TakxKe H. H. Borouw- 
Sosy u b. B. Meppenesy 3a nOMOTBOpHbIe OGcyKTeHuA. 


OObeqHHEHHbIM MHCTHTYT AMepHbIX HCCeqoBaHHii llocrynuaio 


MaremMatTuueckui wHcTHTyT uM. B. A. Crekjosa 4 V 1958 
AxkaylemMun HaykK CCCP 


UWHMTHPOBAHHAA JIMNTEPATYPA 


1W.E. Thirring, Ann. Phys., 3, Ne 1 (1958). * H.H. Boroaw6os, 
Jl. B. UlupxKos, Bregenue B Teopuw KBaHTOBAaHHEIX Novel, rm. 8, 1957. % UW. ®. Duns- 
pr, 2. B.Wupxkos, Hayun. fox. Bric. wKosnt CCCP, cep. dus.-matem., 1, Ne 2 (1958). 
oO ma, H.U mezawa, Nuovo Cim., 4, 1461 (1956). 
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Jloxaxanp Akanemun HwayK CCCP 
1958. Tom 122, Ne 1 


PH3SHKA 


Axagemux 9. B. 3EJIbBJOBHYU, C. B. KOPMEP, M. B. CHHHLbIH u A. HW. KYPATIMH 


TEMNMEPATYPA MW TEMJIOEMKOCTb NJIEKCHPJIACA CKATOLO 
YJAPHOM BOJIHOU 


CokaTve CHJIbHOH yapHOH BOJIHOM sBJIse1CHd CNOCOOOM NOJLyYeHHA BbICOKHX 
WaBJIeHui HM BbICOKMX TeMMepaTyp, HeAOCTHOKUMbIX HHbIMH IyTAMH. 

YapHoe cxKaTHe Ta30B MpHBOAMT K COCTOAHHAM C BbICOKOM TemMiMepaTypon, 
HO Maslow mJoTHOCTbIO. TepMoqHHamMuyecKHe CBOHCTBa TaKHX COCTOAHHHM MO- 
ry? ObITb MOJHOCTbIO paccuuTaHbI TeopeTuueckH. Ilostomy B ciy4ae razoB oc- 
HOBHOM WHTepec MPeCTaBIAIOT Oosee CJIOMKHbIC BOMPOCbI CTPYKTyPbl TOHKOFO 
COA, B KOTOPOM B yapHOl BOHE COBepmiaeTCA mepexOX OT HavaJIbHOrO CO- 
CTOAHHA B KOHCYHOe COCTOAHHE, BOMPOCb! MCXaHH3Ma HM BPeMCHH YyCTaHOBJIeHHA 
TEPMOJMHAMMYeCKOrO PaBHOBeCHA, CKOPOCTH BO3O0y2xKeHHA, MuCCOWMawHH 
MYOHH3aHH. O630p paOoT no yAapHOMYy CxKaTHIO Ta3s0B M CCbIIKH Ha OpHrH- 
HaJIbHy!0 AMTepaTypy aur B ('). 

B cayyuae yapHoro cxKaTHA 2KUAKUX UM TBePJbIX Te JOCTHTAaeTCA MJIOTHOCTh, 
TIPeBbIMNaOulad B He€CKOJIbKO pa3 HX HawaJIbHY!O WJIOTHOCTh H B COTHH pa3 — 
IWIOTHOCTb C)KaTHIX Tasos. Ecau Temmepatypa upu stom Huxe 100 000°, To B3a- 
HMOJeHCTBHE ATOMOB, HOHOB H 3JIEKTPOHOB B CKaTOM COCTOSHHH He MaJIO 10 
CpaBHeHHIO C 9HeEprHeH HX TemOBOrO JBuxKeHHA. TeoperuueckHi pacueT Jap 
J@HHA, SHeEPrHH WM Apyrux TepMOMMHAMMYeCKHX BeNMYMH TaKOrO COCTOAHHA 
TIpeACTaBJIACTCA MPAaKTHYeCKH HEBO3MOXKHbIM. Tem GOoulee BaxKHO 9KCIMepHMeH- 
TaJIbHOe HCCJIeAOBaHHe BeUeCTBA, CKATOTO yapHow BOJHOH. 

EcuIM OrpaHHUHTbCA TOJIbKO H3Me€peCHHAMH CKOPOCTH BOJIHbI HM CKOPOCTH 
JBYXKCHHA CKATOTO BeULeCTBA, TO MOXXHO JerKO HalTH MJIOTHOCTb, MaBJeHHe 
HM SHeprHio BeulecTBa, HO BbIgHCJIeHHe TemMepaTyppl (*) mpesqctraBsaer GoubIUHe 
TPYAHOCTH HM BPA JIM MOKET ObITh mpOZesaHo Cc npHemsemow TouHOCcTHIO. Mccie- 
OBaHHEe IpO3payHbIX Tel MOSBOIAeT HEMOCpeACTBEHHO H3MePHTb TemmepaTypy 
10 APKOCTH CBeCYeHHA BelllecTBa, cxKaTOrTO yapHow BomHow. Tlocme cumbHoro 
CKaTHA, IPM KOTOPOM MOCTHraeTCA TemnepaTypa B HECKOJIbKO THICAY Ppaycos, 
OnarofapA CMELLCHMIO SJIEKTPOHHBIX YPOBHell UH BOSOy2KeHHIO 3JIEKTPOHOB, Be- 
UleCTBO, M€PBOHAYaIbHO TIpOspadHoe, CTaHOBUTCA HeMpOspauHbIM MH MHTeHCHB- 
HO M3ulyuaer. 

l3nyueHve (pouTa yapHOlt BOJIHbI HaOMOMasoch yepe3s cOH ene HeC2*Ka- 
TOO HpO3payHOrO BeleCTBa M PerHCTPHPOBaOCb CKOPOCTHBIMH doTOXpoRo- 
rpadaMu B AByX yuacTKaXx CneKTpa: cuHeM (A = 4020 A) u kpacuom (A=6000 A). 
Meroqmka usMepenua noq06Ka mpumenenHoit V1. I. Mogenem (3). 

Onpefeiamach Temmepatypa B momuMeTuaMeraxpusate (C;H,O,), (naeK- 
curuiace) C HayaibHOM mioTHoctpio 1,18 r/em® B ycnoBNAX, KOra CKOPOCTb yaap- 
HOM BOJIHbI cocTaBana 16,5 xm/cex. B cxKaTOM COCTOAHHM MOTHOCTb paBua 
3,15 r/em®, a mapsenue 2-10! mH/cm *. ; 

Ha OCHOBaHHH TPeX OMbITOB GbIIM MO/YYeHDI CJleyIOUHe BEMYMHBI: APKO- 
CTHad TeMMepaTypa, H3MepeHHad MO UHTCHCHBHOCTH U3JIY4eHHA B KPaCHOlt 06- 

/ 


* Tlo usmepenuam A. A. Baxanopoit. 
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Jiactu, 8300 + 500°K u userospas TemiepaTypa, OMpedeseHHaA MO OTHOLIeHHIO 
MHTCHCMBHOCTeEH B KPaCHOli HM CuHel OOsacTax cneKTpa, 11 000 + 1000°K. 

IIpunumas aHepruio nuieKcurmaca B HaYasIbHOM COCTOAHHM 3a HYJIb, HaXxo- 
AMM SHEpruio CxKaTOrO Mlekcuraaca E = /, P (V, —V) = 0,53 -10!2 apryr. 

Ecau Obl aToMbl HaxOJMJIMCb B COCTOAHUM MealbHOrO rasa pH Temmepa- 
Type 8300°K u naornocrm 3,15 r/em?, ux napmenue cocraBHu0 6b oNRT = 
= 0,33-10"? mu/em?, a Tensopaa aHeprua 3/,NRT = 0,16 -10!2 apr/r 
(V —uucno atomos B | fr). 

B coorsercrBun co B3riaamn, pasBurimu JI. JI. Jlangay u K. II. Craniw- 
KoBHueM (*) IIPHMCHHTebHO K MpOAyKTAaM B3pPbIBa Mp eTonaHH, mpeMoso- 
#KUM, UTO B Cilydae CKATOFO MIeKCHT Maca OO/bIad YaCTb aBJIeEHHA eCTh ypy- 
foe aBJleHHe WH JBH2Ke€HHA AaTOMOB CJlejLyeT PpaCCMaTPHBaTb KaK KOJIeOaHHs. 
Torta TenmloBoe jaBueHHe paBHO mpHOmu3zuTembHO 40NRT = 1,3 -10!2 zH/cm?. 

Tennopaxt sHepruaA KoueOanHi aTomoB papya 3 Ne&T = 0,31 -10" apr/r. 
Ynpyroe AapwieHue HaliqemM Kak Pa3HOCTb MEXKAY MOJHbIM UH TeMJOBBIM, T. e. 
0,7 -10 aH/cm®. Tlockompky mpn 3TOM ympyroe JaBuleHHe OKa3bIBaeTCA TOLO 2Ke 
MOpayKa, YTO H TEMJOBOe, MPHBOAUMbIe HWXKE PacueTb! ABJIAIOTCA JIMUIb OpHeH- 
THPOBOUHBIMH. 

IIpHHHMas 3aBHCHMOCTb ynpyroro JaBJeHAA OT MIOTHOCTH 


P yah Oran Pa a PAC Py = 118 rene, 
HavjleM ylpyrylo 2HeprHto 


me © (py)? (205 0) 2 1+ aw — 20? Bs 1668 
a 20 4 +o > PE) 20 ’ rye X= Oo /0. 


Torga mpu Py= 0,7 -10!? gH/cm? nonyuum a = 0,024 -10" cm%/r?-cex?, 
Ey= 0,08 -10"? spr/r. 

Ynpyrad vacTb WaBJeHHsA OH3Ka K JaBJIEHHIO MpOAYKTOB B3pbIBa TpoTMla, 
9KCTpanOJIMpOBaHHOMy m0 3aKoHy Py = ap® (*) K MIOTHOCTH cxKaTOrO MIeKCH- 
ryiaca. 

B Oaslance 9HeprHu ocTaeTCs! 34 BbINeTOM TelJIOBOH HM yupyroH s3HeprHH 
mpuMepHo 0,14-10!* spr/r. Ora sHeprua Obluia H3pacxONOBaHa Ha Pa3pbIB XH- 
MuyecKkHX cBxa3eH. Jina cpaBHeHHA OTMeTHM, TO mMpeBpaujeHHe C;H,O, B 
Crsepn» He 4 HO uger nouru 6e3 u3MeHeHHA SHEprHy; lpeppallenHe B Crpepa, 
H, u O, Tpe6yer oxouio 0,055-10!? apr/r; npespamenve B Cypep,, H x O-aTombI 
Tpe6yer 0, 26-10!" spr/r, npespamenue B H, O u C-atompl rpe6yer 0,62- 10! spr/r. 
CyeopatTesIbHO, B YCJIOBHAX CKaTHH  MpOWCXOLHT rutyOoKoe pa3pyule- 
HH€ MOJI€KYJIbI, HO Ha NOJIHbIM paspbIB BCeX XHMHUeCKHX CBAZeH SHeEprHv He 
XBaTaeT. F 

B cymme TenJIoBad H XUMM4eCKad SHEPrHA CAATOFO IIexcursaca mpH 8300 K, 
paBuax mpumepxo 0,45 -10'* spr/r, B 3,5 pasa Coble, 4eM 9HEPrHA, BBIUHCJICH - 
Has M0 TEMJIOCMKOCTH MWIeKCHrviaca B HOPMaJIbHbIX YCJIOBHAX IPH KOMHATHOH 
Temnepatype 0,365 ka/r-rp = 1,53 -10*9pr/r-rp. 

IIpu norHocrH oko 3 r/cm® caMH MOHSTHS OTAeIbHbIX MOJEK YJI, TO-BHAHMO- 
MY, HeIPpHMeCHHMBI. . 

B cKaTOM COCTOAHHM paccTOAHHe MerKJly COCeHHMHM aTOMaMH TOrO Ke 
nopajiKa, ¥TO HM B XMMHYeCKOM CoeqMHeHHH. TlosTomy O AMCCOILMaIHH MOXxHO 
TOBOPUTb JIMUIb YCJIOBHO, He B CMBICJIe pa3{BH2KeHHs ATOMOB, a B CMBICJIe 
fepexOjla 3ICKTPOHOB B BO3OYXKJ[CHHbIe COCTOAHHA, COOTBETCTBYIONIHE OT- 
TaJIKHBaHHIO ATOMOB. 

Uccnenopanne cxKaTHA NpO3pauHbIX Tes ONTHYECKHMH MeTOAMH HaMH Mpo- 
jomKaerca B HacTosmee Bpema. IIpH H3MepeHHH TeMMepaTypbI MO U3JIyueHHIO 
HeOOXOJMMO BBOJUTb NOMmpaBKy Ha OTPaxKeHHe CBeTAa OT YaPHOH BOVJIHBI, T. €. 
OT PPaHHUbl MexLy @KATbIM H HEC2KATHIM BEIILECTBOM. O6 3TOM POBOpHT HaJIHUHe 
3aMeTHOM pa3HHIbl MeXKLY H3MePCHHBIMH LBeTOBOH HM APKOCTHOH TemmlepaTy- 


Dam. 


+ 3axKas 783 
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Ucenenopanne oTpaxkeHHa CBeTa, HAYIWerO H3 Cr%KaTOrO BeULECTBaA MO PasHH- 
le APKOCTHBIX TeMMepaTyp, H HeMOCpeACTBEHHOE HCCJIeHOBaHHe OTPaxKeHHA CBe- 
Ta He3aBMCHMOrO HCTOUHHKA OT YapHOli BOJIHbI JOJOKHO JlaTb BeCbMa MHTepec- 
HbIe CBEJCHHA O MOKasaTee MpPeOMJIEHHA H KOIPPHUMeHTe NOFOULeHHA CBeTAa 
@KATbIM BelLeCTBOM. B KOHeUHOM CUeTe MpOBeMeHHe TAKHX U3MepeHHH Ha pa3- 
JIMWHBIX BelLeCTBaX MOXKET MPHBECTH K BbIACHEHHIO BJINAHHA MJIOTHOCTH Ha 3JIeK- 
Tp OHHbI€ YPOBHH KOHJICHCHPOBaHHbIX Tell. . 

Tlonpsyemca clyyaeM BbIpasHTb OvularogapHocth JI. B. Anprurysepy, 
Vi. IW. Mogento u IO. II. Patizepy 3a nocrosHupit untTepec K :pa6ore. 


Tocrynusio 
4 VI 1958 


UWHMTHPOBAHHAS JIMNTEPATYPA 


ig. B. 3enpyosnnuy, WO. Il. Patsep, Yen. mus. nayx, 63, 8. 3, 613 (1957): 
20. B.Senbgosn 4, KSTO, 32, 1126 (1957). 3° H.U. Mogens, KOTO, -32,:714 
(1957). ¢ JI. I. JIanugay, K.1.CtranwKkosuy, JIAH, 46, Ne 9, 339 (1945). 


Horsage Akagemun nayr CCCP 
1958. Tom 122, Ne 1 


PHSHKA 


A. JI, MOJISKOBA 


O NOPJIOMWMEHHH 3BYKA KOHEYHOM AMILJIATY bl 
B PEJIAKCHPYFOLWEW CPEJIE 


(ITpedcmaeaeno axademuxom H. H. Andpeeseim 28 IV 1958) 


Ilpu pacnpocrpanenuu 3ByKa KOHeUHCH aMMJIMTYAbI B KaKOli-mMOo cpere 
BOJIHa, B Havasle CHHYCOHJaJIbHaA, MO Mepe pacnpocTpaHeHuA HCKarkKaerca U 
B KOHI[€ KOHILOB TIPHHHMaeT NHJOOOpasHyi0 dbopmy ('). Kak Obwio noKa3aHO B 
pale paOoT, Taka BOJIHa MorsoujaetcA ropa3sqo CHIbHee, 4eM BOJIHa OecKoHe4- 
HO MaJOH AMMVJIMTYZbI, H MPH YTOM KOS(PPHILWEHT NOFIOULEHHA 3ABHCHT OT ee 
aMIVJIMTY IbI. 

B nactosmel padote uccsieqyetca norvioujehue 3BYKOBOH BOJIHbI KOKeYHOL 
aMIJIATYAbI B Cpefle, Pe BOSMOXKHbI BHYTPeHHHE MPOLUeCcChl, CBA3AHHBIe C Mepe- 
XOJOM 9HEPrHH NOcTyNaTebHOrO ABHXKeHHA MOJIeKYJI Ha BHYTPeHHMe cTeneHu 
CBOOOAb. OTH Mpolleccbl MPHBOAAT K peJaKCallHH, a CJeLOBAaTebHO, K Jono- 
HUTeEJIbHOMY MOFJIOWJeHHIO 3ByKa, YaCTOTa KOTOpOrO OH3Ka K YacTOTe pewaK- 
calluu. 

OObIyHO BOJIHA KOHCYHOH aMIMJIMTYAbI ONNCbIBaeTCA pelleHHem Pumaua (?). 
OHako 9TO pellieHHe HENPUMeHHMO TaM, Te BOJIHa CTaHOBHTCA MHOOOpasHoli 
MW BO3HHKAaIOT pa3pbiBbl. Ja onucaHuA TakOM BOJIHbI BOCNOJIb3yeMcsA pelle- 
HHeM, MOJIYYeHHbIM B padote Moa (*). Kome6aTedbuanA CKOpocTb paBHa 


_  24Mea s sin n(@t— kx) , 
Mer. kein 4) 21 Sn (ay + 3) (1) 


4m F os 2 6 4 Mo? . 
Snechb M = Erie ‘hy — KOSPPUUHeHT CABHPOBOH BASKOCTH; % = —~ —{-; %)—MO- 


CTOAHHAA, CBA3AHHAA OMHO3HAYHO C YHCIOM Pelinowdbaca; cy —CKOpocTb 
3ByKa B PaBHOBeCHH. 

Oro BbipaxkenHe JaeT passoxwenne Pypbe MIA Nb B BASKOH Cpese. Ono 
NosyYeHO Kak MpPHOMM%KeHHOe peweHne TOYUHHIX ypaBHeHHH THApOAMHAaMUKH C 
BASKOCTbIO, HPHYeM B3ATO NepBoe mpHOmHxKeHHe NO u/c,. Merox pemenus, 
IpHMeHeHHbIli B padore (*), NaeT BOSMOXHOCTb YYECT HeJIMHEHHbIC appekTb! yxKe 
B TlepBOM npHOsMxKeHHH. Touka x = 0 B (1) coorBercrByeT HEKOTOPOH TOUKe 
npocTpaHcTBa, B KOTOPOM 3aflana CTaOHJIM3MpOBaHHAaA MMJia, CI iaykeHHaA BJIM- 
AHHeM CLBHTOBO BASKOCTH. C Apyroli cropoHbl, pas Bbipaxenue (1) MOMY4eHO 
B M€pBOM MPHOJIWKeHHH, TO MOXHKHO MOJaraTb, YTO, MOrJIOWeEHHe TaKOH BOJIHBI 
MOKeT ObITh ONHCaHO pelaKCalMOHHO! TeopHel, pasBUTOH MIA 3ByKa OecKoO- 
HeYHO M@JIbIX aMIVJIHTYJ. 

Ha ocHoBpaHHH TePMOAMHAaMHKH HeOOpaTHMBIX MpOeCCOB MOXKHO NOKa3aTb, 
uTO 9HEprusA, AMCCHNMpOBaHHas B HEOOPaTHMOM IIPOMeCCe, BbISbIBACMOM OTK J10- 


HeHHeM OT PaBHOBeCHA, PaBHa 


4% 54 


rye @-=6—Cy; C= ny/n—OTHOCHTeIbHad KOHICHTPalA BO3Oy2KeHHDIX 4a- 
cru; Co (e)— ee paBHOBecHoe 3HayeHHe; fy H M, — COOTBETCTBEHHO YHCJIO BOS- 
OYKCHHDIX H HEBOSOYKCHHBIX YaCTHIL B e/\MHHIe OObEMA; N= Ny -+ Na, 7 — 
BpemMsa peslakcattun; L — nocTosHHblt KosppulHeHt. 

Ypapuenne peakilin Jit ompeyemenusa & uMeeT Bu (CM., HalipHMep, Cy; 
H3MeHeHHA TeMMepaTypbl He YUHTbIBAIOTCs) 


ae wae esos (3) 


Pemenne (3) c y"¥eTOM ypaBHeHHA HeMpepbIBHOCTH B JIMHeHHOM npHOv1MKe- 
HHH paBHO 


t 

P ie iz OC Ou 

6 == poe ar ef igh ae dt. (4) 
0 


Ecam Macca wacTHI, He MeHaeTca mpH Bos6y2KNeHHH (HampHMep, BO3Oy>K- 
JaIOTCH BpalllaTeJIbHbIe HIM KOJIeOaTeJIbHbIe CTeMeHH CBOOOIbI), TO Co = Pao/és 
TMC oo — PABHOBECHAA MVIOTHOCTh BO3OY2KACHHBIX 4YaCTHU, H OC,/dp = — 2o/p?. 
Tloycrapiad 3TO BbIpaxxeHve H (1) B (4), nOyuHM 


loo) 


- __ 2Mw® peat Ss) ncos n (at — kx) + newt sin n (wt — kx) (5) 
~ ppe2(t-by) S, [1 + (noz)?] sh n (%) + ax) 


Tlonctapuiaa (5) B (2) H ycpeqHAS MO BpeMeHH, MNOJIYYHM CpeHIOIO AHC- 
CHMHpOBaHHylo 9HeEprHto 


2 


1 .2Mo? 
WY = IE ( oa Mo ) 
- P0°6 (aan) 


foo) 
Nene eee eee 
an [1 + (nwt)?] sh? n (a) + ax) ° (6) 

KosddulvexT mOrviouleHHA » ONpeeMM Kak OTHOWeHHe uCcCHMMpOBaHHo 
3HeprHv K yABoeHHOMy oTOKy SHeprHuH (1), KOTOpbIli 3ecb paBeH pu, re p— 
mepemMeHHoe JlapuienHe. Koaddbunnent L onpezemwuM, Haxora W jaa cunycon- 
Aa/IbHOK BOJIHbI H CpaBHWBaA NOJIYYeHHBIM pesyJIbTaT C H3BeCTHOH (hopmy.Ioli 
Manyemurtama vu Jleonrosuua Ais Kosdpduiynenta norsomexnua (*,1). OKou- 
YaTeJIbHO: 


9 


y a 
es al fe ‘es tors no [1 + (nwt)? |sh2n (a) + ox) 


© (7) 
By 1 
1 sh? (a, ax) 


n=l 


BesMuvny % onpejeMM cilexyroulHM O6pasom. Ecvim wa ocHopanun (1) Ha- 
MMCaTb BbIPaxKeHHE isi MepeMeHHOTO JaBJIeHHA p (*), TO aMMJIMTya nepsoli 
TapMOHMKH P; B CICKTPaJIbHOM pa3JIOX%KeHHM BOJIHbI B TOUKe x =O paBna 


ow 2 Me 
Ms BSI 


Py 


Brejem riapametp R = p,/7j,o, akanormunbiit uncay Pelinompaca (uuco Pen- 
HOJIbca ONpeMeNsAeTCA OOBIYHO KaK p/7,, Te, B OTMMUNe OT Hallero clyyas, 
CTOHT p —aMIVIMTya Bee BowHb!). Torga BUAHO, TO WIA KaxKQOl cpeybl 
Mexy Ru 4% CyllecTByeT OMHOSHAUHaA CBA3b. 

Ha puc. | u306paxKeHa 3aBHCHMOCTD BeJIMUMHDI 


/ 


he (8) 


[(€55/€0)2 — Le 
92 


OT ot Wa CO, (y= 1,3; c)= 259 M/C€K, Pe@JlaKCallHOHHas YacTora w =2 -10° rn) 
KpuBas a mocrpoena JA 3ByKa OecKOHeuHO mavioli aMIJIHTY IB, MaKkCHMym 
NOrIOUeHHA Ha YacTOTe O,= 1/z. Kpuspie b u c NOCTPOeHbI WIA 3HaueHnii 
mapametpa R, paBHbix cooTBerctBeHHO 4,3 4 50. IIpu pacuerax npuyato x = 0 
Hs rpacbuka BuqHO, ¥TO mpH yBernueHuy R mpu6susutenbyo B10 pa3 H10- 
PVIOULCHHe B MaKCHMYMe BOSpacTaeT MPHOTU3HTebHO B 1,5 pasa. Kpome toro 
¢ pocrom R MakKcHMyM MOrJiomeHHa cylBuraetcsa B CTOpOHY uacrTor, MeHbINHX 
UaCTOTHI Pedlakcallun. Du3znuecku TaKoli 
A pe3yJIbTaT BnOJHeE MOHATeH. HenuHeij- 
Hbl€ HCKaKCHHA IKBUBAJICHTHDI NOABIe- 
U6 HHIO B CN€KTPe BOJIHbI BbICLUMX TapMo- 
HUK, Ha Ka yi H3 KOTOPbIX MPHXOAUT- 


CA YaCTb NepeHOCMMOH SHepruH. Beuex- 
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@<1/t, TO BbICLIMe FapMOHHKH onaaioT B OOJIACTbh pelakCaluu, YTO MpHBOAUT 
K YBeJIM4YeHHIO MOPJIOULeHHsA. 

Ha puc. 2 JaHa 3aBucuMocTb BesIMuHHbI K B MaKCHMyMe OT TlapaMetpa R. 
BuyHO, uTo KoadpuUNeHT MOrsouleHHaA pacTreT c yBemHueHHeM R. Otro corsa- 
cyeTCAH C YBeJIHYeHHeEM NMOPIOULCHHA BOJIH KOHCYHOM aMIVJIMTYZbI BCeACTBHeE 
H3M€HeHHA UX (POpMbI, YTO OTMeYaTIOCh B psxe paodor. 

SaMeTHM, TO YKAa3aHHbIli adpcbeKT JOBOJIbHO 3HaYMTeeH NO BeIMYHHeE H 
MOXeT ObITb OOHAPY2XKeH IKCMePHMeHTAIbHO. OHaKO MIpH MOCTaHOBKe 9KCIIe- 
PHMeHTa CJlelyeT BbIOUPaTb Cpely, B KOTOPOH MOrONleHHe He OUCH BeJHKO, 
T. e. uncIO PetiHoubaca S>1. Mnaue Bosna 3aTyXxHeT Mpexke, 4eM HeJIMHeMHbIE 
HCKaxKe€HHA TIPUBeAYT K OOPa30BaHHIo IIMB. 

Cmemyer elle OTMeTHTb, YTO eCJIHM OCTABHTb He€H3MCHHBIM f);, TO MOrvOMleHHe 
B HeEKOTOPOM OOsaCTH 4YaCTOT MpakTHYecKH He OyeT 3aBHCeTb OT YaCTOTHI. 


Ilocrynuso 
24 IV 1958 
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PH3HKA 


r. B. CMHBAK, 9. HPPAC u H. C. KEJIY EB 


Ob OCOBEHHOCTAX JIOMEHHOM CTPYKTYPbI 
CEFHETOIJIEKTPHKOB, BbISBJIAEMBIX TPH 
3JIEK TPOHHOMUK POCKONUYECKON BH3YAJIN3ALMH 


(ITpedcmaeazeno axademuxom A. B. Il y6xuxoseim 29 IV 1958) 


Ilo nacrosuyero BpeMeHH HCCIIeEOBAHHA MOMCHHOM CTPyKTYPpbI CerHeTOoJeK- 
TPHKOB BeAYTCA C MOMOML[bIO OObIYHBIX NOJAPH3ANMOHHbIX MHUKPOCKONOB Ha 
MaJIbIX YBe@JIMUCHHAX (TeCHTKH H COTHH). YUMTHIBAA MCKJIOUMTEJIbHO BayKHY10 
POJIb JOMCHOB CePHETOSCKTPHKOB Jixt NOHMMAHHA HX CPH3HYeCKMX CBOHCTB HM 
JIA BbIACHeHUA CaMOH NMpHpOAbl CerHeTOSJIEKTPHYeCKHX ABJIEHHH, mpeycTaB- 
JIAETCH M€PCHeKTHBHBIM IIPHMeHeHHe QJIEKTPOHHOM MHMKPOCKONHAM IA yTOUHe- 
HHA HallIMX MpecTaBJIeHHli O 3AKOHOMePHOCTAX OPHeHTAaHH JOMeHOB, 06 oco- 
6eHHOCTAX MX TpaHul, OO HX pasMepax. 

Kak moKa3aJIH Halu HCCeqOBaHHA, BU3YaJIH3allHA QOMeCHHOM CTPYKTYpbI 
CeFHeTOSJIEKTPHKOB BO3MOXKHA C MOMOMIbIO MPOCBeYHBaIOLerO MHKpocKona pH 
HCNOJIb3OBaHHH MeTOMa OTMeYaTKOB. OfHaKO OTMeYaTKH JOJLKHbI B 3TOM CJIy4ae 
nepelaBaTb TOHKY!O CTPYKTYPY IIeKTPHYECKOFO MOJIA. ITO OKa3aJIOCb BO3MOX- 
HbIM OJlarowapsA HaIMUHIO eCTeECTBEHHOFO pesIbeda Ha MOBEPXHOCTH MOJIMOMeH- 
HOrO CerHeTOIeCKTPHYeCKOFO KPHCTaa, BbI3bIBACMOrO M€XaHHYeCKHMHU HaTs- 
X%KeHHAMH Ha TpanHullaxX JOMeHOB B CHJIY B3aHMOJeCHCTBUA UX IJIeEKTPHYeCKHX 
munoue. [Ipamenenne mpocBeyuBaloulero JJIEKTPOHHOFO MHKPOCKONAa C HCHOJIb- 
30BaHHeM KOJIJIOMMeBbIX H YFOJIbHbIX OTMeYaTKOB (B HEKOTOPHIX CJIy"aAx 
OTTCHEHHBIX Xpomom (')) NO3BOHJIO HaM HaOJOaTb JOMeHHYIO CTpyKTypy 
Ha KpuCTaswiaxX THTaHaTa OapHa H CerHeTOBOi COM MpH yBeIMYeHHAX JO 
25 000 pas. 

IIpegqcraBsineTca BO3MOXHbIM HaOJOaTb JOMeCHHYIO CTPYKTypy cCerHeTo- 
9JIEKTPHKOB KaK Ha OTMe4aTKaX, CHATHIX HEMOCPeACTBeHHO C HeoOpaboTaHHbIx 
KPHCTaJJIOB, TaK HM Ha PelJIMKaX, CHATHIX C NPOTPaBJIEHHBIX KPHCTas0B. Cae- 
YeT OTMETHTD, YTO MOCeTHHH MeTO MOET ObITh MPHMEHEH HE TOJIbKO JIA H3y- 
YeHHA OPHeHTAallHH JOMCHOB KaK TaKOBbIX, HO HM JIA BbIACHeHHA HaNpaBJeHHa 
CNOHTAHHOH MOJIApH3alluH B JOMeHaX, Tak Kak pa3JIMUHbIe KOHIBI unovel 
JOM€HOB XHMHYECKH TPaBATCA pa3JIM4HO (°). 

Kpueranibt BaTiO, Hamu mpoTpaBsIHBasIHCb B KOHILCHTPHPOBaHHOH couA- 
HOW KuCcOoTe B TeyeHHe 5S—I10 mux. Ilocue TpaBseHuA O6pasitbl MPOMbIBAIHMCb 
BOON, 3aTeM CIIMPTOM HM I1pocyuMBaJINCb. CocrosHHe MpoTpaBJIeHHOrO KpHcTali- 
Jia MpOCMaTPHBaJIOCb B OMTHYeCKOM MHKpockone JIA TOrO, YTOGLI COMOCTABUTb 
KapTHHY JOMeHOB JO M MOCNe TpaBJIeHHA ero MOBepXHocTH. 3aTem ¢ OObeKTA 
CHHMAaJIMCb KOJIJIOQHeBbIe HIM YPOJIbHbIe OTHeYaTKH. Yromb Ha BaTiO, Hanpi- 
AACA B BakyyMe. TOMMLMHA HCCeEOBaHHDIX MVJIeHOK, OMpeleAemas MO IWBeTY Ha 
cTekJle (pasHble OTTEHKH KOPHUHEBOrO BETA), CocraBAsa 300—500 A. Tnenxu 
OTNEMAUCh OT OObEKTA MCXAHHYECKMM T1YTEM NOCJe UX YIPOUHeHHA *KeMaTu- 
HOH WIM KoO,Mem. Hanjyumue pesyJbrarai NOWyuaIMCb MPH HertyOoKoM 
TpaBJICHHH, UTO BesO K HEOOXOAMMOCTH OTTEHEHMA OTMeYaTKOB XpOMOM TO}, 
yraiom 15—20°. 
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KoJOAMeBble OTHEYATKM MOJLYYaJIUCb HaHeCeHHeM Ha TpaBJeHHblii KPHCTaJlI 
kamu 1% pactBopa KoJWIOqus B amuvauerate. IInenka 3aTem YTOMMLaach 2Ke- 
JaTHHOH. KovWioqvesble MJIeHKH BCerga OTTeHAIMCh xpomom. Kpome turanata 
OapA, MOCJIEMHHM MeTOJOM CHUMAJIMCb OTHeYaTKH C CerHerToBoli covH. Ilepey 
CHATMeM OTMe€YaTKOB CerHeTOBa COJIb TpaBHJiach BOLO OOplMHO 0,5 MMH. mIpH 
-Temnepatype oKoulo 10°. 

JjoKasaTe/IbCTBOM TOO, ITO TpaB.eHHe AeHCTBUTEMbHO BbIABJAeT JOMEHHYIO 
CTPyKTypy, CJly2#HT TOT (PakT, YTO, HCNOMb3yA TPH Cpesa KpUCTasa cerHeTo- 
BOH COMM (X-, Y-, 2-Cpesbi), Mbl HaOJlOJasIM’ OMeHHY!0 CTPyKTYPy TOMbKO Ha 
X-cpesax. H3BecTHo, uro JIMUIb Ha STHX Cpe3ax JOMCHHAA CTPYKTypa Ha6wIO- 
aeTcad onTuyecku. Bropod mpoBepKolt sBUOCb CHATHE OTHeYaTKOB C X-cpe3a 
CerHeTOBOH COJIM MpH TemMnepatype Bblle BepxHeli TOUKH Kiopu (30°), Ha KOTO- 
pbIX JOMeHHaA CTpyKTypa He Oblla OOHapy«Kena. 

lisyyenne QomeHHoH crpyktypbi BaTiO;, mpoBegqesHoe onTH4uecKHMH Me- 

‘Tofamu (*~°), NOKa3aJI0 HX NOBO/bHO CO2%KHOe CTPOeHHE M IIPHBENO K BbIBOLY 
O TOM, 4TO WIHpHHa TaKHX CoceJHHX OOJlacTeli, B KOTOPbIX HalpaBJIeHHe CHOH- 
TaHHOH MOJApusaluMu cocraBaer yrou 90° Ho oOTHOMIeHMIO Apyr K Apyry, 
a BeKTOP CNOHTAHHOM NOJIAPH3alAN JIEAUT B IVIOCKOCTH MaCTHHKH (Tak Ha3bl- 
BaeMble Q-JOMeHbI), HMeeT BeIMYHHY opsyKa 107 cm. 

Ha puce. la npeycraBaena Ofna Takas OONaCTb, CHATAA B IJICKTPOHHOM MHK- 
pocxone (BaTiO;, TpaBueHHbili HCl 8 mux., KousoqMesbiit orneyatox, 8000). 
Ha 9ToM pucynHke oOpamiaor Ha ceOA BHHMaHHe Ba (baxta. IlepBpili us HX 
COCTOHT B TOM, 4UTO PpaHHUbl pa3syela MEKY JBYMA OOsIacTAmu (TeMHBIe MOIOCbI 
Ha PHCyHKe) BeCbMa 3HAaYHTeJIbHbI WH COCTaBJIAIOT IpuMepHO 107° cm. 

XOTA YKa3aHHad BeIMYHHa TpaHHllbl MEY a-OMeHaMH UM COOTBETCTBYeT 
ee TeOPeTHYeECKOMY 3HAaYeHHIO, TIpHBOAHMOMYy B paOote JIutra (*), Oombuasx 
IUMpHHa YyKa3aHHbIX JOMeCHHBIX epHOJOB YacTHYHO MoOxKer ObITb 
oObacHeHa H ApyrumMu chakTaMu. Takoe «pacliMpeHie» a-JOMeHHbIX TrpaHull 
MOXKeT ObITb OODACHEHO, B YACTHOCTH, TPaBJICHHeM, 3HAYHTCJIbHbIMH MeXaHHye- 
CKHMH HaTAKeHHAMH Ha TpaHHllaX OMeHOB, OJIOUHOCTbIO KPHCTAaJWJIOB cer- 
HeTOSICKTPHKOB (O 4eM OyeT HATH peyb HHXKe). 

JIpyruM WHTepecHbIM (baKkTOM, UpOCMaTpHBaeMbIM Ha puc. la, ABAAeTCA 
TO, 4TO (Urypbl TpaBJIeHHA B Tpekelax OAHOH OOACTH. MMeloT MexKAy CcoooH 
TIPOMEXKYTOUHbIe PpaHHbl, OPHEHTUPOBAaHHble NOM yrJioM 40° K OCHOBHBIM. Ha- 
JIMUNe ITUX JONMOMHHTeIbHbIX TpaHHI, Kak OyeT NOKa3aHO HMKe, CBASAHO C 
pasOvennem Ooubluoli a-o6acTH Ha Goulee MeJIKHe OOaCTH C aHTHMAapaJVJIeIbHOH 
OpHeHTalluvei BeKTOPa CNOHTAHHOM NOJIApH3allHH. 

Ha puc. 16 npexcraBneno w300paxeHHe KJIMHOBUAHOH OONacTH (CHATOH C 
Kpuctamia BaTiO,;, TpaBaexHoro HCl 5 Muu., yrOJIbHbld OTmeyaTOK, C yBe- 
auueHuem 8000 X), B KOTOPO! TeEMHbIM H CBETJIbIM MOJIOCAM COOTBETCTBYIOT O- 
MeHbI, B KOTOPHIX BEKTOPbI CNOHTAHHOM NOMAPH3aWM aHTHMapaJebHbI MU Mep- 
NeCHAUKYAPHbI WIOCKOCTH KPHCTaa (TaK Ha3blBaeMble C-OMeHbI). OTH O- 
MeHbl, IUMPHHa KOTOPbIX COCTaBJAeT COTHIC OJ MHKPOHA, eCTeCTBeHHO, HE MO- 
ryT ObITb paspellenbl OObIYHbIMM ONTHYCCKMMH MeTOaMH. 

Ha puc. 2 npescraBmeno u3s06paxkeHue X-cpesa CerHeToBOli CouIM (TpaBsleHHe 
H,O, Komogquesbili ormeyatox mpu yBetuuennu 8000 X), JomeHHaA cTpykTypa 
KOTOPOH UCC/IeLOBaach ONTHYeCKH pAXOM aBTopoR (°,’). XapakTepHOH ocoGex- 
HOCTbIO KaPTHHbI 9TOFO Cpe3a CerHeTOBOH COMM ABJIAeTCH HaJIM4He CeTH CBOCOO- 
Pa3HbIX KaHaJIOB B MpefsesaX yuacTKOB, KOTOpbIe OTJeeHbl Apyr oT Apyra 
IIPAMOJMHCHHbIM PpanuaMH (9TH yYaCTKH MPH ONTHYECKHX HaOJHOAeHHAX Tpak- 
TYIOTCA KaK OTJeJIbHbIe JOMeHbI). Takai «OJIOUHOCTb» HOMeHOB CerHeToBoli 
COM MpescTaBsser, C Haluei TOUKH 3PeCHNA, 3HAYMTCIbHbIM MHTepec HW 3acJly- 
2KHBaeT CielMabHOrO PaCCMOTpeHHsA. , 

Tepeiigem K paccMOoTpeHHio pe3ybTaTOB HaOJIOAeHHs NOMCHHOH CTPyKTYDbI 
BaTiO, mo aleKTPOHHOMHKpOCKONMYeCKUM M300paxKeHHsAM, NOMYYCHHBIM C T10- 
MOUIbIO OTHCUATKOB, CHATbIX C eCTCCTBCHHbIX (Hel pOTpaB.JeHHbIX) rpanelt KpH- 
crama. Kak yxe yKa3bIBaJlocb BbIIlIe, CCTCCTBeHHbIi pebed, HMeIOUIMHCA Ha 
rpaHax KpuCTavwia, BO MHOPHX CJyUasHX BMOUHE OCTATOVeH MIA MOMYHeHHA 
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BeCbMa KaUeCTBEHHBIX OTHeYATKOB. OTOT CCTECTBEHHDIM pelibe) BOSHHKAeT H3-3a 
CHOHTAHHBIX JeopMalHit (cBA3aHHbIX C IIeKTPOCTpHKI\MeH) JOMeHOB, B pe- 
3ylbTaTe YerO MeXKLy MOMeHaMH BOSHHKaIOT COOTBeTCTBYIOUINe epopMallusim 
MOBepXHOCTH. OTH WePopMalHH, CJleLyA BAOMb pawl, OMCHOB, MOryT ObITb 
JOCTATOUHBIMU Ist QIEKTPOHHOONTHYeCKOrO OTOOPaxKeHUA OMCHHOM CTPYKTYPbl 
6e3 BCAKOFO XUMHUeCKOrO TpaBseHHaA. Ld onpedeseHHA PLYOMHBI 3J1EKTPOCTPHK- 
WHOHHBIX JepopMallwi HaMH CJeaHbl B 93JIeKTPOHHOM MHKPOCKOre CTepeo- 
CHUMKH. 

VispectHo, uTO CNOHTaHHbIe AeopMallHH JOMeHOB IIPOMOPILHOHaJIbHbI BTO- 
poli CreneHw CNOHTaHHOH NosApHsalun. B 3aBHCHMOCTH OT 3HaYeCHHA CIOHTAH- 
HOH MOMApPH3allHu, B aHHOM MecTe KPHCTasJia WepopMallHu MOryT OBITb CHJIb- 
Hee usu culadee. McuesHopenne 3THX JesopMaunit B TouKe Kiopu, HaOsmHOeHHOe 
IPH MOMOLLH OMTHYeCKOrO MeTaJJIMAKpOCKONa M Ha OTMeYaTKaX, MO3BONHET Ny- 
MaTb, UTO HAMM JeliCTBUTeIbHO HaGIOMaercA TOHKAaA CTPYKTypa WomeHoB. HuxKe 
Touku Kiopy onTHuecKuii KOHTPOJIb B 9THX MeCTAX BbIABJIAeCT THMMUYHbIC JOMCHBI 
cernerosekTpuka. MbI 3aMeTHJIM Tak2%Ke, UTO Y HEKOTOPIX KPHCTAaJIJIOB JOKaJIb- 
Hbl€ HATAXKCHHA HACTOJIbKO CHJIbHBI, YTO OHH ABJIAIOTCA IIPHYMHOH HeyMpyrux 
jeopMallnit, TakK*Ke MLYULAX BAOb JOMCHOB. OTH AedhopMallMM He MCyesaIOT pH 
Temiepatype Bbile TOUKH Kiopv. Uacro Ha OJHOM ¥ TOM xe KpucrTase BaTiO, 
HMeIOTCH yupyrve H Heympyrve AeopMalHu, YTO, BOSMOXKHO, 3aBHCHT OT KO- 
JiMuecTBa IIpHMecel B Pa3HbIX MeCcTaX KPHCTaJJia, HOO 9JIeKTpHYeCcKHe CBOHCTBA 
CePHeTO3JICKTPHKOB H, CJI€OBaTeJIbHO, CNOHTAHHbI€ HW 9JIEKTPOCTPHKIMOHHbIC 
HaTAXKCHHA BO MHOFOM OMNPeJeJIAIOTCA JIOKAaJIbHbIM pacnpeseseHHeM Npumecei. 

Tunwunad KapTHHa JOMeHHOH cTpyKTyppl BaTiO, (HeTpaBJIeHHbIM, yrouIb- 
Hb OTMeYaTOK) MOKa3aHa Ha puc. 3 npH yBeswuueHuH 1000 < . MHTepecHo 
3eCb HaJIH4Me IpaBHJIbHOH CepHH MaJIbIX JIMHEMHbIX JOMeCHOB, HAYULHX MO yr- 
Jiom 45° (yKa3aHo CTpemKOM) HW MeCcTa CTHIKOB OOIacTelt C pa3HbIM HalpaBJIeHHeM 
BeKTOPpa MNOJIAPH3alHH. OITOT CHHMOK NMOJYYeH MPH OTHOCHTe/IbHO HeOOJIbLLIOM 
YBeIH4eHHH, WM HaJiwuve B HEM JOCTaTOUHO TOHKHX JleTaJleH, YCKOJIb3aIOULUXx 
pH OObMHOH ONTHYeCKOH BH3yaJIM3alHH, OOYCJOBJIEHO OCOOCHHOCTAMH (pop- 
MHPpOBaHHA 9JIEKTPOHHOMHKpocKonMyeckoro H300paxKeHnA (OueHb OONbUIAA 
ruryOuHa (OKYCHpoOBKH, dPdpekT OTTeHEHUA, YJIyUMIaIONIMH KOHTpacT, Ka¥eCTBO 
yrOJIbHOrO OTMeYaTKA, TOUHO (PUKCHPYroulero pesbe, UT. .). OTOT *%e yuAacTOK 
m0Ka3aH Ha puc. 4a c yBeruueHHem B 8000 <.IIpu rakux Oombumx yBenuye- 
HHAX MbI BHAMM yxKe JeTasiM POpMbI OTAeIbHOTO JOMeHA, 3aAKPYIJICHHA KOHILOB, 
oOaCTH CTbIKOB MexKy JOMeHaMH, OPHe€HTHPOBaHHbIMH B Pa3HbIX HallpaBe- 
HuaAX. IIpn ene OdmbumHx yBenHueHHAX (puc. 46, yBemMueHue 25 000 x) 
JOBOJIbHO YeCTKO MIPOCMAaTpPHBAIOTCA TpaHHlbl MexKAY WOMe€HaMH MH HeKOTODHIe 
WeTaH CTPVKTYPbI OTAeCIbHBIX TOMeHOB. OlleHHBaeManA MO 9JTHM CHHMKAM LIH- 
PHHa OTeIbHbIX JOMCHOB paBHa MpHMepHo 3—5-107~° cM. 

Takum 06pa3om, HaM yJlalocb OOHapyxXKHTb B Mpefestax OOacreli, MpHHHMa- 
€MBIX B OMNTHYCCKOH MHKPOCKOMNHH 3a OTeIbHbIe JOMeHbI, Ooulee MeIKYIO JlO- 
MeHHY!0 crpykTypy. Iupwua stTux oMeHoR, NO Kpaiineli Mepe, Ha nopsAyoK 
MeHbIUe OObINHO TIPHHHMaemo;n. 

Hanwune Tako cy6JomeHHo cTpyKTYypbl NpeAcTapaserca Ham UHTepecHbIM 
JIA BbIACHeCHHA HEKOTOPHIX CBOHCTB CerHeTOseKTpHKOB. B uacTHocTu, mpes- 
CTABJIACTCH BO3MOXKHBIM OObACHUTh HaJIMYHeM TAKOH MeJKOH JOMeHHOM CTpyK- 
TYPbI OBOLHO OOVIbINyIO BeIMYMHY AuIIeKTpHYeCKOH MpoHHMaemocru (To- 
pKa CoTeH), ONpeelmemyto oO NeTAAM rucTepesvca Ha ee y4uacTKe, OTHOCA- 
WeMCA K NOAM HacbiieHHA. MoxHO [LyMaTb, YTO Ha 3TUX y4acTKaXx mmporecc 
NOMAPH3SaUHN CBA3ZAH C MepeopHeHTalvel THX MEJIKUX JLOMeHOB H B OCOOeHHOCTH 
TeX H3 HUX, KOTOPbIe, “3aCTPAB» Ha OTeJIbHDIX HaPyWICHHAX B KpUCTase (pH 
HaJIM4YMH JOCTaTOUHO CHJIbHbIX HeyMpyrux JePpopMaluu Ha TpaHniax ome- 
HOB, O KOTOPbIX TOBOPHIOCb BbIlle), MOryT NepeOpHeHTHPOBaTbCA TOKO B 
OUeCHb CHJIBHBIX MOIAxX. B TOM Ke HanpaBweHun OyseT elicTBOBaTb MH OTMe¥eH- 
Had BbILe «<OMOUHAaK» CTPyKTypa KPHCTaJWa, MOeKOMbKYy Ha rpaHulax OOKOB 
HapyleHHxA AOMCHHOK CTPyKkTypbl HM ee H3Me/IbYeHHe MOFYT OBITb BbIPAxeHbl 
JOBOJIbHO CHJIbHO. 
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B HeqaBHO nosBMBIelcA paGore (8) TpHBeyeHbl 9JeKTPOHHOMHKpocKonH4e- 
CKHe CHHMKH JIOMe€HOB NO MHKpUCTaNAANUYecKOrO BaTiOg. 

B nawieH 2e pa6ore M3yUaJIMCb jleTaIM CTpyKTypbl JOMeHa y MOHOKDpH- 
cTaamoB BaTiO, u cernerosoi com. 

ApBTopbl BbipaxkaioT 6marogapnocts B. VM. Ocoxunoli u T. ©. PununnoBoit 3a 
NOMOUb B padore H B. A. Tumoteesoli 3a mpekocraBmeHve MOHOKPHCTaM0B 
THTaHatTa Oapug. 
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PEO®H3HKA 


A.C. MOHHH w 4uaen-Koppecnonnzent AH CCCP A. M. OBYXOB 


OCHOBHbIE THMbl JBY)KEHHH BAPOKJIMHHOH ATMOC®EPDI 
B NOJIE CHJIbl KOPHOJINCA 


B rvpoyMHaMuyeckoM MporHose Norodbl MPHMeHAIOTCA YMPOWLeHHble ypaB- 
HeHHA IMHAaMHKH aTMOCdepbl, NOJyuaeMble B pe3yJIbTaTe «KBa3HCTaTHYeCKOrOy 
H «KBasHreocrpoduyeckoro» upHOMKeHHH (1). OTH ypaBHeHus uMewT 1-H No- 
PAOK MO BPeMeHH, B TO BPeMA KaK JIA HCXOAHOM CHCTeMbI ypaBHeHHi J\MHa- 
MUKH aTMocibepb! NMOPALOK 10 BpeMeHH paBeH 5. Orciofla culesyeT, YTO B MIpoiec- 
ce YMPOULeEHHA HCXOHOM CHCTeMbI ypaBHeHHH HeKOTOPbIe pellieHHA, a HMeCHHO 
PeWIe€HHA, OTBEYAIOMIHe ObICTPbIM BOJIHOBbIM IIpoleccaM, HWCKJOYaIOTCA — «OT- 
(pHJIbTPOBbIBaOTCA»*, UToObl OOOCHOBaTb 3AKOHHOCTb TaKHX YIMPOWLeHHH, HeOO- 
XOMMMO BbIACHHTh XapakTep ObICTPbIX BOJIHOBbIX JBH2XKCHHH WM YKa3aTb MeXa- 
HH3M <ajlanTalluM» nove —KaKHM CNOCOOOM MPOW3BOJIbHOe COCTOAHHe aTMO- 
ccbepbl, ompesesemoe 5 He3aBHCHMbIMH (PPYHKUHAMHM (BeKTOP CKOpOCTH, aBQuJle- 
Hue HW TeMMepaTypa) 3a KOPOTKOe BpeMA NepeXOMHT B KBAa3HPaBHOBeCHOe COCTO- 
AHHe, JIA KOTOPOrO OTJebHbIe NOJIA OMpeAeseHHbIM OOPa3s0M COrslaCOBaHbI 
apyr ¢ apyrom**. 

B HactosuleH 3aMeTKe Ha OCHOBe PeLIeCHHA 3aflau O MaJIbIX KOMeOaHHAX Oa- 
POKJIMHHOK aTMocdepbl MmpH AOcTaTOUHO OOUMINX MpeAnoloxKeHHAX Jana KJac- 
CHUKaUNA OCHOBHBIX THMOB JMHAMMYeCKHX IIpolleccoB B aTMOciepe (TOpH30H- 
TaJIbHbIe BUXPeBble JBHXKCHHA, PpaBHTalHOHHble W aKYCTHYeCKHE BOJIHbI), MpH- 
YeM BbIACHAeCTCA (HJIbTPYIONaH POJIb KBa3HCTaTHYeCKOrO MpHOMxKeHHA. 

Hatmuiem cuctemy ypaBHeHHH JHHaMHKH aTMOCcepbl B CJlelyroulel copme: 


CE 9 Op ; du Op j dw Op : 
sal > avasiplnsk es names > fagman? tion “alatenrata me Wee 
(1) 
Oo (Jou Opv , dow)\ . Gp” 4 de 
Ai aM epiettlegy am os igre Pechenge 


rye x, y, Z, t — MeKapToBbl KOOpJHHaTbl MW BpeMs; U, UV, W— KOMMOHEHTHI 
CKOpocTH; p — aBsieHWe; po — NJIOTHOCTb; g— ycKopeHve cHJIbl Ta xKecTH; 1 = 
= 2m;—lapametp Kopwvoulmea (KoucTaHtTa); c? =xp/o —kBafpaT ajua6aTu- 
YeCKOH CKOpOCTH 3ByKa (* = C,/cy — OTHOWeHHE TenslOemKocTeH). B  tTperbe 
VpaBHeHHe JWHaMHKH BBeeH NapameTp p, PakTHYeCKH paBHbI efuHutte. Tlo- 
arad (OpMaJIbHO p. = 0, Mbl NoJlyyaeM CHcTeMy ypaEHeHvii B KBa3HcTaTHue- 
CKOM IIpHOJIMKeHMH. 

IIpumem 3a «OCHOBHOe COCTOAHHe» aTMOC(epbl COCTOAHHe OTHOCHTe/IBHOrO 


NOKOA (BO Bpalllalomlelica CHcTeMe KOOpAHHAT), JIA KOTOporo u = v=w=0, 
p=p(2) up =p(z)—s3axannble cbyHKUMH BBICOTEI, CBA3aHHbIe ypaBHeHiem 


* Ha sro o6crosireiberso BiepBple yka3a Charney (*). 

“* TepMHH «ajanralua» Opi BBeqeH B paOoTe (°) mpH paccMoTpeHHN JHHaMMYeCKUXx T1po- 
1eCCOB B ABYMepHOH MogeM aTMocheprl. AnanorMunoe UCCHeqoBaHue AAA TpexMepHoli aTMo- 
ae Opl10 MpoBeyeHo B paorax (1,4), mpwueM rumoTesa «KBa3HCTaTHUHOCTHY NpuMeHAIAace 
ad hoe. 
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CTaTHKH, WH OyJeM pacCMaTpHBaTb MaJIble OTKJOHEHHA OT 3TOrO CocTOaHUs. 
Bosmylennoe cocrosue armocdeppi y06HO XapakTepH30BaTb BeJIMYHHAaMH yp, 
o, I, y us, nonaran 


ergy If oly downuste ; 


IIpuMenaa MeTOq sMHeapH3alMH ypaBHeHH JuHaMHKH aTMocdepbl, 1. e. 
oTOpacbiIBaxt B HUX KBallpaTHuHbIe WieHbI, 13 (1) MOxHO NOYUNTh ceLYIOULyIO 
cHcTeMy ypaBHeHHH: 


ay de all , Ox 
ot — lg; ye =O, 9 =O Ae — By — es 
i) al oll - & Oy 
ust =—(F +e); Og aia (3) 
rie A, = 0°/0x? + 0?/dy?; 8 = (x — 1) g + dc?/dz. 3ametu, ro 8 =«R (y, — y) 
ABJACTCA OCHOBHOU XapaKTepHCTHKOH = cTpaTudukalluu aTMoc(pepbl 
x— OT’ ” - 
(y: = os y= ie)" Cuctema (3) uMeet 5-H mopsOK, NO BpeMeHH, TaK 


Ke KaK HW UCXOWHaA cHcTema (1), H NpHOJIM2KeHHO OMHCbIBAeT SBOJIIOWHIO BO3- 
MYyIeHwH NO BpemMeHH*. TpanHuunpie ycIOBHA MO KOOPAMHaTe Z MOXKHO 3aJaTb 
B cJIeqyIoWleH copme: 

Yara TPH eZ (4) 


~—0 mpH z—>0 (5) 


(yculoBusA OOpallleHuA BHYJIb BePTHKaJIbHOM KOMMOHeHTHI CKOPOCTH Ha HH?KHeli 
rpaHuie WH NOTOKa MaccbI Ha OeCKOHeEYHOCTH). 
IIpu pewenun 3agaun Koum Heo6xoqumMo 3ayaTb 5 HayaJIbHbIX yCJIOBHii 
mpu t= 0: 
b= $0 (%, 422); P= P(X 42); L=Xo(% Y2); 
TE = Wo (x,y, 2); 9 = 99 (X,Y, 2). (6) 


Cuctema (3) fomycKaeT ceMelcTBO CTallHOHaPHbIX pellleHHH, 3aBHcsllee OT 
OJHOH MpOMsBO/IbHOK (yHkuMH KoopaHHaT s(x, y,zZ). Jka KaxKQoro ctTalHo- 
HapHoro PpeUleHHA BbIMOJIHAIOTCA COOTHOLICHHA: 


1 av, 


RACE mower oa Qs==0; y~=0. (7) 


Takum o6pa30M, CTallMOHapHble Pelle SBJIAIOTCH TOPH3OHTAJIbHBIMM Hi 
6e3\uBeprensTHbiMu**, J[id HAX cMpaBeQMBbI PopMyvIbI reoctpotuyeckoro BeTpa 
M ypaBHeHve CTaTHKH: 


= 4. Ol. 1 Ol, | all, , 
Coe ceclgs dy 4m lp Oe iaiz 8 


On. (8) 


Ja cuctempr (3) cyulectByeT MHBapHakT — yHKWMA, BbIparkatoulanica JMHeH- 
HO Yepe3 HCXOJHbIC XapaKTepHCTHKH MOVs: 


Hato 1 [-—3(—)}. (9) 


* 3ameTuM, 4TO BCJKYHHbI, ABJSIOUIMeCA B JIMHCHHOM TeOpHd CTaMOHapHbIMH, B AeHCT- 
BUT@JIbHOCTH IpeycTaBAioT coool KBasHCTAaMOHapHbIe XapaKTepuCTHKH, T. €. TaKUc, M3MeHC- 
HHA KOTOPbIX BO BPeMCHM ONpeAeAAIOTCA KBaLPaTHYBBIMH YWICHAMH HCXOHBIX yPaBHeHH. B 


TCOPHN MporHo3a Norosbl OHH HPpaloT OCHOBHYIO POub. va 
**  3ameTHM, UTO pelliecHve ypaBHeHHit (3) Mp HauabHbIX YCOBUAX (6) 6yyer CclalHoHap- 


HbIM TOJIbKO B TOM CJIyuae, eCJIH 


Qo = 9, II) = lho, x = 9, Sisco See 


Jlerko npopeputb, To B cHIy ypaBHenuli (3), OQ/Ot=0. Halipennpii 
HaMH BapHaHT JWI TpeXMepHoro CJlyuad sABIAeTCA OOOOMeHHeEM MOHATHA M0- 
TeHIMaJIbHOrO BUXpxA, BBeeHHorO B paOore (*). Jlerko mpoBepHiTb Tak?Ke C NO- 
moutbio (3) u (4) HHBapHaHTHocTb BemMuHHBI S”, onpeseseHHOH B NOCKOCTH z = 0: 


Se eae (10) 


rye 3Be3N0UKOli OGO3HAYeHbI 3HaYeHHA pH z=O0. SamMeTHM, TO BeJIMUHHDI 


Q wu S* we cojepxaT mapamMetpa p MH, CJleqOBaTebHO, COXPaHsAIOT CBOIO HH- 
BapHaHTHOCTh HM MpH mepexofle K KBaSHCTaTHYeCKOMy NIpHOJIM2KeHHIO (u— 0) *. 
ByeM HasbIBaTb BOSMYIWLCHHAMHM BOAHOBOLO THMA TakHe COCTOA- 


HUA, jd KOTOppIX Q = 0 npH fonomHHTebHOM ycuoBHH Ha rpaHHue S* = 0. 

B KauecTBe OCHOBHbIX XapaKTePHCTHK BO3MYII[eHHH BOJIHOBOrO THIa yOOHO 
PpacCMaTPpHBaTb BeJIMYHHbI © MH 7, KOTOpbie YyOBJeTBOpsAIOT cucTemMe 4-ro_ M0- 
payka: 


Che 5 0; 
aor = CA = Io + By On. ; 
(11) 


Pye COT, 2 OY 2 : Ox re 
ape ge Plot Oo fee, aie Ai +e(Ztde). 


Jlerko BugeTb, uTO mpH uw =O (rumoTe3a KBa3HCTaTHUHOCTH) NOpANOK CHcTe- 
Mbl cpa3y NOHMKaeTCA Ha 2 HM COOTBETCTBEHHO YMeHbIUIaeTCA UMCJIO HesaBHcH- 
MBIX XapaKTepHCTHK Noid. CucTema (11) pemiaetca mpH YrpaHH4HbIxX ycJIOBHAX 
(4), (5) H mp HadaJbHOM YcJIOBHH © = 9; 0p/dt = lb) — IIo; y = x03 vOx/Ot= 
= — (OII,/0z + gs ) (npn t = 0). Bownogpie pewienHa oOslayalor TeM CBOH- 
CTBOM, 4TO OHH pacceHMBaloTCA, «He OCTABJIAA CylIeqa», T. €., CCH B HaudaJib- 
HbIM MOM€HT XapaKTepHCTHKH BOJIHOBOrO NOJIA OTJIMYHbI OT HYJIA B HeEKOTOPOH 
KOHeYHOH OOslacTH, TO MmpH t->0co OHM GOyyT CTPeMHTbCH K HYUJIIO. 

IIpeqnomo%xKHM Tenepb, YTO HadaJIbHble XapaKTePHCTHKH MOA Yo, Go, Io, 
Yo, So YHOBJCTBOPAIOT yCJIOBHAM (7) BCIOLYy, 3a HCKJIIOUeHHEM HeKOTOPOH KO- 
HeyHOH OOIaCTH, Tye 9TH YCJIOBHA HapyMlaloTcA, HU OT eJbHbIeC XapakTepHCTHKH 
NOJA 3aaloTcA He3aBHCHMO [pyr oT Apyra. HauawtbHoe mowle MOxKHO mMpeycra- 
BHTb B BHJe CYMMbI CTallHOHapHOH HW BOJIHOBOM KOMMOHeHT. C TeyeHHeM Bpe- 
Me€HH BOJIHOBOe BO3MYLLeHHe pacceHBaeTcaA, H B JOOOH KOHeYHOH oOO6s1acTH xa- 
PpaKTepHCTHKH NOJIA MpHOsMKaIOTCH K CTallMOHapHOMy THITy, OTBeYarollleMy 
(PyHKUHH TOKa , HW AaBseHHIO Il; = /b,. B 9ToM 3aKOYaeTCA Mpomecc aan- 
TalHH noe B aTMocdepe. 

TMs onpeyenenua (byHKHHN ),, OTBeYalOILelH KOHeEYHOMY COCTOAHHIO, MOx- 


HO BOCIOJIb3OBaTbCAH PaBeHCTBOM Q JIA HavaJIbHOrO WM KOHEYHOTO COCTOAHHI, 
¥TO MIPHBOAHT pH yuete (7) K ypaBHeHHIO 3JIIMMTHYeCKOrO THMAa 


omer af(h+t)n+ ge] 


REE partO7 lays 
0 (Il,— cc? 
= Agy— 1] 29 — 5 )), (12) 
peliaeMoro MpH TpaHH4yHOM yCJIOBHH (HHBapHaHTHocTb S"*) 
Cc Ov, 1 ) 
bs + et One ok (IIo —c?co) npn z= 0. (13) 


HuepenivasbHE onepaTop B sieBoii yacru (12) Bcrpeyaetcn B TeOpHH 
W3MeHeHHA OapH4ueckoro TOJIA B GOapoKAMHHO atTMocdepe (!,*). 

OweHKa XapakTepHoro BpeMeHH JI mMpotecca ajanrawuu tTpe6yer Gouee 
AeTaJIbHOrO aHaJIv3a BOJIHOBbIX BO3MYLI.eHHH B aTMocdepe. Cucrema (11) pe- 
INACTCH METONOM pasqeueHHA NePpeMeHHbIX, MIPHYeM JIA CyYat M30TepMHue- 


* rn , 
CoorpercTByiolliMe HHBapHaHTbl B KBagHCTaTHUeCKOM pHOsMKenun Obivin Haligenpr A. C. 
Monuupm § (‘). 
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ckolt arMoc(epbi (c? = const, 8? = const) pewieHHe momyuaercd kak cynepmo- 
3HIIMA = YaCTHbIX pellleHHi Bua exp [- ean Z+i (kx + koy +mz—ot) |. 


Yactota  onpeesaerca JVIt Kako Tpotiku BOMHOBbIX nce (ky, kz, m) 43 
XapaKTepHCTHYeCKOrO ypaBHeHHA YeTBepTorO NopAKa, NpHueM Wit w? mouy- 
YaloTCad [Ba 3HaYeHHA, OTBeUAaIOMHe J[ByYM THMaM BOVJIH: 


2 2 a Pe. [a tte 1 /B+g\2]_ 
pHi he alF i eechig ne za) |X 
fat ¢ c2 [2 
YN = 
oF uct ee ts 1-(8+e\272 . 
Le glarsiiice “Wale ee 


SHaKy MJIOC OTBEUAET BETBb @q”, 3HAKY MHHYC w,”. EcrectBeHHO Ha3BaTb BO.I- 
HbI C OOJbIIMMM YaCTOTaMH (CKOpOCcTbIO pacipocrpaHeHHs) wg aKyCTHYeCKHMH 
BOJIHaMH, a OOlee Me/WICHHbIe KOMeOaHHA C YaCTOTaMH Wy, TpaBHTallMOHHbIMH 
BOJIHaMH™. 

Kpome pellenul Cc m==0, KOTOpble eCTeCTBCHHO Ha3BaTb BH YTPeCHHUMH 
BO JHaAMH, CyuleCTByIoT OCcOObIe pelieHHA pH m = 0, AAA KoTOpHIxX y=—0, 
o=0, Co cMeKTpoM YacToT w?= kc? + 1?. ITH BOMHbI MOXKHO Ha3sBaTb BY Me p- 
H bl MH, OHH IIPHMbIKalOoT K aKYCTHYeCKON BeTBH KOJIeOaHHH aTMocdeppl. 

IIpu mpeyesbHom nepexoge »p—>0 (kBasucTaTHueckoe MpHOMxKeHHe) BHYTPeH- 
HHe aKYyCTHYeCKHE BOJIHbI HCUe3aIOT (UaCTOTbI YXOAAT Ha Oe€CKOHEYHOCTH), a 
YaCTOTbI FpaBUTaWHOHHbIX BOJIH HECKOJIbKO MOBDbIIalOTCA, OMHAKO 3TO H3MeHEHHE 
CMeKTPpa HeCYUICCTBeEHHO JIA KPYMHOMACIITAOHbIX BOSMYILCHHH (TOpH30HTaJIb- 
HbIM MacwuTaO MHOFO OOVJIbIIe BbICOTh! OLHOPOAHOK aTMocdepb!l). Takum oOpa3om, 
KBa3HCTaTHueCcKOe MPHOMHXKeHNE ABJIAETCA CPeACTBOM JIA PUJIbTpalluu BHYT- 
PeHHHX aKYCTH4eCKHX BOJIH. 

IIpouecc afantraluH aTMociepbl K KBa3HCTaTH¥UeCKOMY COCTOAHHIO Mpouc- 
XOAMT 3a TepHok mopayka BpeMeHH MPOXOXKeHHA B3BYKOBOH BOJIHOK 
OCHOBHOH TOJIULH aTMocdepbi**, uTO CocTaB/IAeT HeCKOJIbKO MHHYT. Ilocse fo- 
CTHXKCHUA CTATHYeCKOFO PaBHOBeCHA MpooKaerca Wpowecc aanralHu aTMo- 
ciepbl K COCTOAHHIO reocTpoduyeckoro paBHOBeCHA, NPHYeM B CpesHeM IO TOMI- 
uke aTMocdepbl Takoe COCTOAHHe yCTaHaBJIMBaeTCA Mocle paccexHHA JByMep- 
HbIX BOJIH, a H€CKOJIbKO M103%Ke, MOCJIe paccesHHA Oolee MeWICHHbIX BHYTPCHHHX 
TpaBMTallHMOHHbIX BOJIH, TeocTpotuyecKoe paBHOBecHe YCTaHaBJIMBaeTCA Ha 
Bcex BbicoTax. Bropod stan mporecca ajlanrallHH MOxKeT ObITh HCCJIeqOBaH C 
MOMOULbIO MPHOJIM2KCHHBIX «KBa3HCTATHYeCKHX» YPaBHeHHH, 4TO ClelaHO B 
padote A. C. Monnua (*). 


Tlocrynusto 
30 V 1958 
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* KomeOaHHs akyCTH¥eCKOrO THIa B OCHOBHOM 3aBHCAT OT CXMMACMOCTH cpefbl (c?) H B 
MeHbluel creneHu OT apxuMeyoBbIx cH (8). Jia KomeOaHHi rpaBHTalMOHHOrO THIa OCHOBHBIM 
(bakTOPoM ABAAeTCA CTpaTHpUKANHA, OHAKO CPKHMACMOCTH CPefbl TAKKE OKASbIBACT BJINSAHHE. 
Jlaa cayuast {= 0 npH x co, 410 cooTBeTCTByeT HeCXHMAeMOH paccJIOeHHOH cpege, AA 


yacTOT oF B npefeste mouyyaeTch H3BecTHat dopmyvia (°) 


\ 
\ 


aber Re (1 = Po. 
H R-m+1/4H? Bpo/ 


09 0 


** 3a | MHH. 3BYKOBasA BOJIHa MpOXOANT Coli TOMUMHOH B 20 KM. 
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Jlokaaye AkayemMuu Hayk CCCP 
1958. Tom 122, Ne 1 


PEOPH3SHKA 


r. B. POSEHBEPr u H. M. MHXAMJINH 


JIKCNEPHMEHTAJIBHOE OBHAPY)KEHHE JJIJIMNTHUHOCTH 
NOJISPH3ALMMW PACCESHHOrO CBETA 


(IT pedcmaeaexo axademuxom B. B. Myaetixunom 8 III 1958) 


1. CreneHb 9JIIMNTHYHOCTH MOJAPH3allMu paccesHHOrO CBeTa, HACKOJIbKO 
HaM H3BeCTHO, JO CHX Mop HH TeopeTHYeCcKH, HH 9KCIEPHMeHTAJIbHO He HCCJe- 
jlopalacb. Bmecre C TeM H3MePpeHHA STO BEJIMUMHbI NOSBOJIAIOT YBEJIMYHTb OObEM 
MHPOpMallHH O CBOHCTBaX pacceMBaloljen Cpellbl, KpoOMe TOTO, yyeT CTeneHH 
3JJIMNITHUHOCTH HeEOOXOAMM B 3ajlayaX O MHOPOKpaTHOM paccesHHH cBeTa. Lle- 
JibIO HaCTOAULeH pa6oTHI OblvIo MOWyYeHHe MpeABapHTebHbIX CBJeCHHH O CTeneHH 
QJJIMTITHYHOCTH CBeTa, paCCeHBaeMOrO MPH3eMHBIMH CJIOAMM 3EMHOM aTMOCeprt, 
HM XapakTepe ee 3aBHCHMOCTH OT yIvla pacceAHHA. 

2. Ilonapumerp mpejctrapiant coOok TeoxOMT, B MOKaJIbHOM MJIOCKOCTH 
OObEKTHBAa KOTOPOrO HoMellaacb Kpyrviad uadpparmMa Cc yIVJIOBbIM MamerT- 
pom 6°. Tlosaqu auadparmbl mocsieqoBaTesbHO pacMOslaraHCcb JBe MOBOpOT- 
HbI€ OMpaBbl C YETBEPTb-BOJHOBOH MIaCTHHKOM (yroJI NOBOpoTa OTHOCHTeJIbHO 
BepTukasM ©) MH mpHsMoH Bomacroua, pa3sBosaujeH myaku Ha 6° (yrou MoBopota 
OTHOCHTeIbHO BepTHKasH x). [lepeq okyApOM, aBaBUIMM H300paxKeHHe Ha- 
(bparMbl, HaxoJMsicd NOJApOMA (yroJ MOBOPOTa OTHOCHTeIbHO BepTHKaJIH 7) 
H WHpOKONOJOCHHIM cBeTodusbTp C3C-16 TommHnon 5 MM. 

HenocpescTBeHHO OMpeesAIMCh Yrvibl 7, IPH KOTOPbIX MocTHraJOcb BbIpa- 
BHHBaHHe APKOCTeH OOOHX HaXOMMBUIMXCHA B Mole 3peHHA cCoTOMeTpHYuecKHX 
Move Mp 3aaHHbIX 3HayeHHAX buy! y, MpH >= + 45°, y = 0°; y_ npy 
b= — 49°, y = 0°. 

CreneHb 3JIMMNTHUHOCTH g CBeTa, NOMaatoujero B MpHOop, HaxOMHacb upH 
NOMOMLH BbITeKalOUlerO H3 TeEOPHH MeHCTBUA MpHOopa COOTHOMMeHHA 


G’==""/a(COS 27, — COs 21). (1) 


BplOnpas [pyre 3HayeHHA Y Hy, MOXKHO OblIO OMpPeAeINTb CTeMeHb MOJA- 
pusallMM CBeTa Pp M YTOJl HakKJIOHA IMIOCKOCTH MPeHMYLeCTBEHHOH TOuApH- 
3allHH %, OTHOCHTEJIbHO BepTHKaJIH. 

3. M3mepeHua Mpon3BOANINCb B Oe3J1yHHbIe HOU BO BTOPOH NOJIOBHHE CeH- 
TraOpa 1957 r. B mpexroppax CesepHoro Kapka3a. B JoBoJIbHO y3KOH OOpam- 
JIGHHOH XOJIMaMH JOJIMHE py4bA pacnOJlaraJicaA MpoxeKTop (AMamerp oTparxa- 
Tes 150 cM, MomHocTb 11,5 kBT), JaBaBLUMH TOPH30HTaJIbHbIN CBETOBOH MyyOK, 
HalpaBJIeHHbIM BAOb JOIMHbI. CHapy2kH MpOKeKTOP Obll 3aKPbIT TTyXOH Ma- 
CKOH C KPyTJIbIM OTBepcTHeM JMameTpom 40 cM, OTKPbIBaBLUIHM BepXHIOIO MpaBylo 
yacTb 3epKada. Ha paccrosnuu | M oT MpoxeKkTopa HaxOJHJICA NOMApOUL Ana- 
mMeTpom 40 cM, Bpe3aHHbI B 9KPaH H3 YepHOH MaTepuH. Jlasee, Ha paccTos- 
Huw 8 M no Jly4y, MOMellaicCA BTOpOH SKpaH 3 4ePHO MaTepHu pasmMepom 
5X5 M, WMeBuIMi OTBepcTHe TOrO *%e AMaMeTpa UM CJYKUBINM Auadparnmoii, 
WOcTaTOUHO peskO OFpaHHunBaBleH MOMepeyHoe ceyeHHe CBeTOBOrO Ty4uKa. 
Ha paccrosiimu 12 m or akpana u 2 M OT CBeTOBOrO ITyuKa HaxofMJIcA NOApH- 
MeTp, MIpH¥eM MyYOK pacCMaTPHBaJICA MOA YIIOM, OJM3KMM K TOPH3OHTY, Ha 
(pOHE XOJIMOB, APKOCTb KOTOPbIX OblIa MpeHeOpexKuMo Maia. B mepHom u3Mme- 
peHH rocnosCTBOBaJa BlaKHaA NacCMypHasd Norofa C BEICOKOH MpospayHocThIo 
armMociepbl H MHOrAa ClaObIMH PalHalMOHHbIMA TYMaHaMH B HOUHOe BpeMaA. 

BemeqcTBHe OTHOCHTeIbHOH YMCTOTHI BOSyxXa paccesAHHbI cBeT OKa3auICHA 
CPaBHUTeJIbHO CaObIM, H BH3YaJIbHbIe H8MepeHHA TpeOoBaJIH OOMbIUIOrO BpeMme- 
HH (HOJIYUeHHe OLHOM KPHBOM 3aBHCMMOCTH qg OT yruia paccesHua 4 3aHuMaJO 
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oxosio 4 4ac.) H He OTMHYAINCb BEICOKOL 
H TOUHOCTHIO (MOrpeliIHOCTbh H3Me 
g coctaBiata —-0,03). ve ey 


4. V3 TeopeTHueckux CooOpaxenuit cnegyer (), uro ecaM o6uyyaloumnii Iy- 
YOK JIMHEHHO NOJIAPH30BaH B MJIOCKOCTH, COCTaBJIAIOMLeH yrout = € MOCKOCTBIO 
PaCCCAHHA, TO QIIMNTHYHOCTh MOAPH3alHu pacceAHHoro cBetTa Oyer HabmMO- 


Od 


Pre. 1. a—18—19 IX; 6—19—20 IX; e—23—24 IX; e— 25—26 IX; 


9 — 27—-28 IX (6e3 TrymaHa) p ; =—0,75, Yo, =— 23°; e—29—30 IX, 
Di = 0,68) Yop == — lor; ve — 30 1X —1 XX, pip 72, Vou = — 8°; 
3 — 1 —'2) X, pl = 0,76, yoy = =-14" 
WatbCA TOAbKO B pe3YJIbTaTe pacceAtHHA Ha adpo3o/le H OyeT MaKCHMAaJIbHO!I 
mpu = = + 45°, npwuemM 2Ou2KHO BbIMOJIHATHCA COOTHOMICHHE Jz—+ 45°) = —Gz——a5°. 
Ha puc. | coOpanbi usmepenuble 3aBHcuMmocTu gq (4) npn & = -+ 45° quia 


BCeX CJ1y¥aeB OTCYTCTBHA Pe3KO BbIPaxKeHHOM JbIMKU. Hecmorpx Ha 3aMeTHbIii 
pasOpoc KPHBbIX, OOYCOBJICHHbIi, OVCBHAHO, pa3sIM4NeM aTMOCepHBIX yCJIO- 
BH, BHHO, TO: a) CTeMeHb QIVIMMTHYHOCTH HMeeT OTYETJHBYIO 3aBHCHMOCTL 
or 4, rpy6o MpHOM7KeHHO CooTBeETCTBYIONLYIO ~Cos 39; 6) B 9kcTpemymMax g=0,1, 
T. €. OTHIOb He MaJO. 

Ha pune. 2 nokasaHbI 3aBucuMocTH q (6) [In WByX CJlyyaeB Cc Oouee HJIH MC 
He@ CHJIbHbIM TYMAHOM. OrueTJIHBO BbIpaxKeHbl OGlacTh palyru (6 = 130—140°), 
B KOTOpOM go&~!),5, Hu3MeneHHe 3Haka q BOOacTH A~40—90". OdnacTE padyri 
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BbIeIAeTCA HHOPZa H MPH OTCYTCTBUM ABHO BbipaxKeHHOro TYMaHa (CM. puc. |), 
uTO CBHJeTeMbCTBYeT O IIPHCYTCTBHH B aTMOCHepe KPYMHOKaNebHOK dpakilun 


aaposoulA. 
Ha puc. 3 moka3anbl 3aBpucumocTH g(6), Moy4eHHbIe B TeyeHHe OJIHOU HO- 
uu mph ¢ = + 45° wé= — 4°. Hexoropoe yKJIoHeHHe OT 3ePKaJIbHOCTH AB- 


HO OOYCJIOBJIEHO H3MeHeHHeM aTMOC(epHBIX YCJIOBHH B TeYeHHe HOH. 

Vismepeuusa crenenu mouapusanuu p upH § = 90° noKasaJId, YTO 3a HC- 
KHOYeHHeM cJuIyuad CHJIbHOrO TyMaHa, Kora p = 0,44, BemMuuMHa Pp Koule6aslacb 
B mpefemax 0,68--0,76, tpwuem mI0- 
CKOCTb MOJIAPW3aluH Oblia HakJIOHeHAa 
OTHOCHTeJIbHO BepTHKaIH Ha yrow oT 8 
yo 27° MpOTHB 4YaCOBOM CTPeJIKH. 

5. @MakT OOHAPyKeHHA 9JIMNTHY- 
HOCTH MOJAPH3allHH paccetHHOFO CBeTa 
He mpefcTaBsiaeT COOOM HHYerO HEOKH- 
JlaHHOrO C TeOPpeTHYeCKOH TOUKH 3peHHsA 


g2 


“a 


Puc. 2. a 27—28 IX, cuupHbii TymaH Puc. 3. Houb 1—2 X.a— 2 = + 45°, 
¢ panyrou, p; =90,44, Yo) = — 21°; 6 — 6—&=—45°, p, =0,76 bo, = 
28— 29 IX, He6ombuIoH TymMaH, nepemeuinii = — 14° 

B OxKDb, pl = 90,73, bo, = —27° 


(‘). OgHako ycraHoBseHHe Toro OOCTOATebCTBa, UTO GY MOCTATOUHO BeJINKO, 
BbIACHEHHE YCJIOBHH, HEOOXOAMMBIX JIA H3MepeHHA g, H HaxOx*KeHHe XapakTepa 
3aBHCHMOCTH (4) MpeACTaBJIAIOTCA CYULECTBCHHBIMM C TOUKH 3peCHHA aJIbHeHIIMX 
HCCJIELOBaHHH B OOACTH paccesHUA CBeTa, OCOOeCHHO KOJJIONaMH VW adposouieM. 
BecbMa Ba2KHa, B YaCTHOCTH, BO3MOXHOCTH MOYYeHHA CBEMeHUH, OTHOCALLUXCA 
OTeIbHO K HepeweeBCKOH KOMMOHEHTe PaCCeAHHOFO CBeTA, MOCKOJIbKy AA pe- 
JleeBCKOH KOMNOHEHTEI g = 0. Hago nosaratb, uTO M3yyeHHe yrvIOBOH M_ CreK- 
TpaJIbHOH 3aBMCHMOCTH g MO3BOJIMT CYHIeECTBCHHO paClIHpuTb OObeM HHPOpMa- 
WMH O pacceHBatoulel Cpefe H MOMO*KET CYULECTBEHHO MPOABHHYTb pa3sBuTue 
SKCIePHMCHTaJIbHbIX MeTOJOB PpelICHHA OOpaTHOH 3ajlauH TeopHu paccesHua, 
bse ONTHYeCKHX MeTOMOB ONpeseseHHA CTPYKTYPbl HM CBOHCTB pacceuBarollel 
bl. 


[loerymuuto 
2 Ill 1958 


UWHMTHPOBAHHAS JIUFEPATYPA 
‘Tl, B. Pozen Ge pr, Yon: ous. Hayk, 56, B. 1, 77 (1955). 
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Hoxrnagn Ankagemuu nayr CCCP 
1958. Tom 122, Ni 4 


BHO®PHSHKA 


3. H. PAJIEEBA 


MSMEHEHHME KAPTHHbI NEPH®EPHYECKOM KPOBH MbILUEM MPH 
OBUIEM OBJTYYEHWM C SKPAHHPOBAHHEM CEJIESEHKH 
MW MPM JIOKAJIBHOM OBJIYYEHHH CEJIESEHKU 


(ITpedcmaeaexo axademuxom H. H. Ill maaveaysenom 22 IV 1958) 


KposerBopHbie opraHbl BeCbMa pajMouyscTBuTembHbI (1). Tem He Meuee, 
yiesIbHOe 3HaveHHEe OPraHOB CHCTeMbI KPOBH B Pa3sBHTHH HM M3%KUTHM sy4eBOrO 


mopaxkeHuA M3yyeHO HefocraTouHo (*). B uacrHocTH, JOBOJbHO MpoTHBopeuH- 
BbIe Pe€3yJIbTaTbI NOJYYeHbI MPH HCCIeAOBAaHHH POM Cee3eHKH B OOMeM sy4e- 


BOM CHHJ{POMe. B OMHUX OMbITaX BbIeKABACMOCTb OOJ1Y4YeCHHbIX 2KUBOTHBIX IIO- 


BbilliaJlaCb MpH MMMNaHTallMH HM 3QOpoBbIxX CeeseHOK (*~°) HIM BBeeHHM UM 


| 


romoreHaTos (°,*) OT HOPMAJIbHbIX YKMBOTHbIX. B Apyrux onbirax Mp BBeeHHU 


 tebix ceseseHoK (*), ux uacreli (8,°) um romorenaros (!°) He Obl MOuyYeHbI 


NOJIOXKUTeIbHbIe pesybTaTbl. TloBbiwWeHHe BbIKHBaeMOCTH OGJIYYCHHIX 2KHBOT- 
HbIX IPH 9KPAHHPOBaHHH CeeseHKH OTMeYeHO BO MHOFHX paGorax (3,°,8,14-4), 
CoxpaHeHie CBA3H C HeEOOJIYYeHHOH Cee3eCHKOM 3HaUMTeEbHO NOBbILIaeT yCToH- 
YMBOCTb OOJIYYeHHOrO OpraHH3Mma K HHdeKwHsaM ('4) mH CnocoOHOCTb ero KPOBH K 
oOpasopanHuio anTuTe (1°,1°), B anHow paOoTre MbI MbITaIvCb MpocseqUuTb, 
OKa3bIBaeT JIM 9KPAHHPOBAHHe CeJIeE3CHKH 3allLMTHOe JeHCTBHe HM KaK OHO OTpa- 
yKaeTCA Ha KapTHHe MepudepHyeckoH KpoBH. OnbiTbl CTaBHJIHCb Ha B3POCJIbIX 
OeNbIxX MbILWaX BecoM 18—20 r, y KOTOpbIX H3y4a/lOCch M3MeHeHHe Mepndepuye- 
ckol KposBu: |) mpH OOWLeM OJHOKPaTHOM BOSAeHCTBHH PeHTTeHOBCKMMH JIyuaMu 
B Jose 700 r c 3kpaHHpOBaHHeM CBHHIWLOM TOJIUIMHOH B 3 MM Ha Xupypruuecku 
BbIBEACHHYIO Cese3eHKY H 2) MPH JOKaIbHOM OOJIYYeHHH Tako Ke Wo30H pa- 
J\MallHH BbIBeAeCHHOH Hapyxy Cese3eHKH. YCOBHA ODJIYYCHHA OblIM CeAyroulue: 
HanpskKeuue 180 KB, ToK 10 ma, cbuabtp 0,5 mm Cu + U,75 mm AI, doxycuoe 
paccrosuue 20 cm, MoulHocTb 4o3b1 72 —76 r/Mun. HaOmojenna Besmuch B Te- 
yeHHe MeCAIa MOcie BO3SKeCHCTBMA PeHTTeHOBCKOH pafluauneH. Ha kaxyplit 
CpOK UCCeOBaHHA ObIJIO HCMOMb30BaHO He MeHee 4 XKMBOTHDIX. 

M3mMeneHua, HacTynaBlive B KPOBH Yy MOOMbITHHIX 2KMBOTHDIX, COMOCTAB- 
JIANHCb C TAKOBBIMM Y XKHBOTHBIX, MOABeEPrHyTbIX OOWeMY BOSeHCTBHIO PeHT- 
TeHOBCKHX slyuelt (7U0 r), H C KapTHHOK NepudepwyeckON KPOBU y HOPMAJIbHbIX 
MBILLLeli. 

Kpopb Jia ucCIelOBaHuA Opasacb U3 XBOCTa Yepes doqacay Pa2Rroeb ti, 
10, 12, 15, 20, 25 u 30 cyrox nocne oOmyueHHA, WM M3 Hee MpHroTOBJIA MMCb 
Ma3kH [WIA AucddepenttMabHoro MofycyeTa JleHKOMMTOB (*”). J 

SKCNepHMeHTaJIbHbIe JaHHble MO H3MeHeEHWIO KOJIMYeCTBa JeHKOUMTOB MpH 
9KPAHUPOBaHH CeeESCHKM MpeACTaB/eHbI CrvlavKeHHbIMA MO TpeM TOUKaM. 

PesyJibTaTbl HaGuOeHUii 34 USMCHEHHEM KO/MYECTBA JICHKOUMTOB M SPHT 
POWHTOB MPH OGJYYeHHH CesIe3CHKH, a TaK?Ke HAOJIOMCHHM 3a H3MCHEHHEM KO- 
JIMUECTBA SPHTPOWNTOB Mp 9KPAaHHPOBAHHM ee, BbIPABHEHbI MO NapaOoue BTO- 
poro nopaaKka (x = a + bt + ct’) cnoco6om HavMeHbUIMX KBafpaTos. 

Y .%KMBOTHBIX C 9KPaHHPOBaHHOH cemeseHKoH (puc. 1) vepes 4 aca Nocwe 
OOJIYYCHUA KONHYECTBO JelikOUMTOB yObrBaso Jo 7,5 Thc. B mocaekyioue cpo- 
KH OHO MpORomKaIO HEYKJIOHHO YMCHbIMATCA HM Hepes 3—5 CyTOK JOCTHraJO 
mMuHuMyma (1,3—1,4 TbIc. KaeroK B 1 MM* Kposu). HauuHaa c 7—I10-x cyToK 
HaOwlOflaslOCb MOCTeMeHHOe BOCCTAHOBJIeHHe HOPMaJIbHOrO KOJIMYeCTBA OeJIbIX 
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KPOBAHBIX KJIeETOK, KOTOpoe Ha 20 CYTKH B CpefHeM Jake MpeBbIllalo HOpMy. 
Sty pasHully Heb3A CUHTaTb WOcTOBepHOH (Ta6u. 1). 


Yucno spumpouuno’ (unk) 
nelikouumob (mec) 8 1mm? kpobu 
Ss 


qucno knemok (mie) 6 1um* kpobu 


SP if 
Guac 0367 Wie 15 20 25 cym $yae. 123 57 012 15 = =20 25 = S0cym: 
Gpema nocne obnyveHua Gpema nocne obnyveHua 
Puc. 1. Komuuectso dopMeHHbIx Puc. 2. M3menenne cocrapa Geol KpOBH B pa3Hble 
auieMeHTOB B | MM® KpoBH B pa3HBIe cpoKku Nocue o6mlero o61yuenus 700 rc 9KpaHUpo- 
cpokH Mocste OOulero O6y4eHua 700r BaHHeM Cese3eHKH (a) M Mocue ee NOK aIbHOTO_OOsy- 
¢ SKpaHupoBaHHeM CeJle3eHKH (@) Hi YeHHA TOW Ke 030! (6). 1 — aumouuter, 52 — 
locale ee MOKaJIbHOTO OOMyYeHUA TOM Helitpodusn. H — Hopma 


*e oso (6). 1 — AekkounTsl, 
2 — sputpount. H — nopma 


Kone6anua o6mero 4unCula JICHKONWHTOB B paHHHe Cpoku HaOsJIOAeHuM OTpe- 
JleAAUCb B OCHOBHOM H3MeHeHHeM KOUJIMYeCTBa JIMMOUMTOR (puc. 2). Komuuect- 
BO HelTpouJOB B OTIMUMe OT JMMOMNTOB Yepes 4 Yaca MocJe OO YYeHUA BOSpa- 

ctasio. YMeHbUwIeHHe HX 4HCJIa, OTMe- 

1 sOn awed yeHHoe Ha l-e CyTKH Nocue BO3TeHCTBUA, 

MpowoKaslocb flo 5-x cyTox. | pumep- 

Uncso mefikouuTos (B THC.) B 1 mM? KpopH HO C 7-X CYTOK HauMHaJlOcb OJHOBpeMeH- 
HOe BOCCTAHOBJIeHHe KOJIMYeCTBa OOeHX 
KJIETOUHBIX (OPM Oeou KpoBH. OHa- 


nj M |m(M)) ¢ Ko y rpaHyJOLUTOB OHO mMmponcxosuso 

ropa3o HHTeHCHBHee, 4eEM Y arpaHyuio- 

Dan Sadia Rocaiee IHTOB, H yxe Ha 10 cyTKu Aocrurasca 
ny4. TIpH 8KpaHu- YPOBeHb, HECKOJIbKO IIpeBbILLaIONN HOp- 
popanHu —cevie- my. B mocsemlyroumme cpoKu HaGutole- 
topes ie ies eas 1,4 uit KomuuectBo HeHTpouNOB BCerya 


ObIIO, O-BHAMMOMY, BBIIIe, 4YeM y He- 
OOJIYYCHHBIX XKUBOTHBIX. II1pu 9kpanupo- 
BaHHHM CeJle3eCHKH HUKOa He HaOJIOJalOcb CTONb pe3sKOrO CHY2KCHHA KOJH- 
yecTBa JI€CHKOIMTOB, KaK Mp TOTaIbHOM OOuJy4ueHuH 700 r (Ta6m. 2). 

J{1A CpaBHeHHA JWIMTeIbHOCTH Mepvosa MeHKOMeHHH y XKMBOTHHIX C 9Kpa- 
HMPOBaHHOH CesleseHKOH HM XKMBOTHbIX IPH OOmleM OGJYYeHHN B 9TOL xe 03e 
Obl] HCNOIb3OBaH B Ka¥eCTBE KOCBEHHOFO MOKasaTeIA YpOBeHb JeliKOWMTOB 
Ha OMpeflevIeHHbIM CpOK Nocse OOYYeHHA, KOra BOMHOM W3 Cepui HauMHascH 
pellapalMoHHbIl Wpomecc (7 cyTKu). Y ToTabHO OGJYYeHHBIX XKHBOTHBIX BOC- 
CTAHOBHTCJIbHbIe Mpoueccbl KeTOK OeOH KPOBM OTMeYaIMCb MMIb Cc 15 cyToK 
(*), a pH SkKpaHMpOBaHHH CeleseHKH OHM pocmexuBauch c 7—10 cyrox. 
CoorBercTBeHHO STOMY OOHapyxXKMINCh uM passMuNA (Tau. 3). 

Vs ra6n. 4 BuyHO, YTO 9KPaHHpPOBaHNe ceNeseHKH He NOBJUAIO 3amMeTHO 
Ha WHTCHCHBHOCTbh IIpHpocTa 4NCa JeHKOWMTOB B MepHok BOCCTaHOBeHHGA, 
XOTA NepHOA BOCCTaHOBJICHHA B STHX JBYX CYYaAX 3aMeTHO pa3suMuaucs. 

IIpu woKatbHom o61yuenun ceeseHKu (puc. 1) He 60 OOHapyxeHO Ipo- 
rpeccupyiouero YMeHbIIeHHA KONMUeCTBAa JeHKOWHTOB. Uepes 4 uaca mocue 
OO YYeHHA OTMeYaJIOCh HEKOTOPOe YBeIMUeHHe YMCA OeNbIX KPOBAHBIX KseTOK, 
KOTOPOe, OHAKO, OKa3aJIOCb MaJIO peasIbHbIM (Tas. 5). 
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Yepes 1 cyrkn mocue BosfelicrBua CeqoBalO yYMeHbIWIeHHe UX KOJMUeCTBAa 
HwKe HOpMbI (Ta6s. 5). Pasmuune mMexyy 1-mu cyTKamH nocue Bo3sfelicrBua u 
KOHTPOJIeEM BIONHE JOCTO- 

BepHo (Ta6u. 5). Ormeyennoe TaOnuna 2 

CHM2KeHHe HOCHJIO CpaBHH- : 

TeIbHO KPaTKOBpeMeHHBIit Uncno meHkOUHTOB (B TBIC.) B 4 mM? KposH B TepHoy 
JICHKOMNeCAMH 

XapakTep, H KO 2 cyTKaM 

mocwie OOJYYeCHHA YUCIIO Mel- 


KOIHTOB MOJIHOCTbIO BOCCTa- n M | m(M) c t 
HaBJIMBaJIOcb JO YpoBHA, 

CBOHCTBeEHHOrO HOPMAJIbHbIM 

‘XKMBOTHBIM. B TeyeHHe no- OkKpaHupowanue ce- 

cule yOu x 14 qHert OTMeYaI- Jle3eHKH 16 (9535 NOn24o HOOT" 5,58 
CA CHCTeEMATHUeCKHH JICHKO- ToraabHoe o6nyue- 

uvtTo3s. Kak BH]HO u3 Tau. Hue 40 | 0,512] 0,081 | 0,516 


b, ¢ — 3,2 YKasbipaer .Ha 
JIOCTOBep HOCTb STOTO ABJICHHA. B JlaJibHeHLIeM OTMeYaJIOCb MOCTeMeCHHOeC YMCHb- 
WeHHe KOIMYeCTBA JieHKOUNTOB, HO K 30 CyTKaM Nocule OO yYeHHA OHO ere 
HECKOJIBKO IIPeBbIMIaJIO HOpMY. 
Yspemmuenue uncsa JICHKOILMTOB B TePpBbIe 4 yaca mocue oO yueHuA MpOuc- 
XOJMJIO B OCHOBHOM 3a CueT HeliTpodu- 


Ta6auya 3 slop (puc. 2), a HaOmwaBlieeca 3aTem 

Uucuio eHKOYHTOB (B TIC.) B 1 MM? KpoBH YMCHbIeHWe YHCIA OeJbIX KPOBAHEIX 

Ha 7 cyTKu nocne o61yuenna 700 Fr KJI€TOK ObIIO O6YCJIOBJICHO YMeCHbUICHHeM 

KOJIMYeCTBa PpaHyJIO- U arpaHyJIOWMTOB. 

espa tenes [i any | ; Boccranopsenne HOPMaJIbHOrO KOVJIN- 

yeCTBa JICEHKOWMTOB H eFo MpeBbIlleHHe 

OKpannpoBanue B MOCJIeLyIOULNe CPpOKH onpeemAOcb 

he aes Sele res lle Snare apacTaHveM KoslMuecTBa Tex HM Apyrux 
TotasIbHoe Hapectanuem és APY 

oOuly¥eHHe LAO |ROROS (POPMeEHHbIX 9JICEMCHTOB Oeon KPOBH. 


V3mMeHeHua UnCIa SPHTPOMUTOB B 

TeyeHne 30 Hel mocie OOJyYeHHA He BHIXOAMJIM 3a Ipelesbl HOPMEI. 

Ilomumo KovsleOaHHi KOJIMYeCTBA C(POPMeHHBIX 3JIEMCHTOB, Mpoucxosusu cy- 
IL€CTBeCHHbIe WMTOJOTMYeCKHe H3MCHEHHA B KJIeTKAaX GeO KPOBH, PasBuBalo- 
iuecad HW npn o6ujem o61yyeHuu (1%). 

B cneluaibHO MOCTaBJICHHbIX OMBbI- 
Tax HUCCJIETOBAJaCb BbIXKHBaACMOCTb MBI- VMHTeHCHBHOCTb HapacTaHuxvA YWHCJIAa JIeHKO- 
le B TeyeHHe MecaAlla nocse o6myue- MNTOB B ee pene Tak on ae 
Hua. IIpu o6mem oOslyyeHuu C 9KpaHH- 
poBaHHeM cele3eHKH, KaK HM MpH OOwy- 
4CHHH MHTAaKTHbIX MbILIUeiH,  BbIXxKHJIO ee a Danie oe ces 
4,3% %KHBOTHBIX (H3 23 MbilueH), Ipu uenua | B CYTKH 
cpeHeH  MpOfOJOKHTeIbHOCTH %KH3HH 
NOrHOWUX *UBOTHHIX B 5,40 THA. IIpu 


TaOauna 4 


OOJYYEHHM OJHO BbIBEeHHOM celeseH- IKPaHupoBa- aa ee 
KH C 3KPaHHPOBaHHeM Bcero OCTAabHOrO hea G Fre 1949 otk 
Tela BbOKHIO 39,68% (H3 63 Mbulei), 1915 995 
IpH CpeHelt MpOMOMKUTeEIbHOCTH 2KU3- 45-220 585 
HH MOrHOWMxX XKMBOTHEIX B 8,39 DHA. Toransuoe 19-15 1340 ae 
JloKa3aTebCTBOM TOO, UTO 9TO He CBA- obmyuenue | 15—24 533 


aCe DY RP wes Ous TD aEMol= ABy * CpeqHecyTOUHbIM TpHpocT uncsa sel 
JIMCb OMBITEI C O6yYeHHeM OOJACTH  yonuros B nepHoyx BOCCTAaHOBMeHHA. 
cejle3eCHKH, — B HHX BbIXKHBaeMOCTb CO- 
crapuna 45% (n3 20 mpmmeli) mpH cpeAHelt MpOMOMKUTebHOCTH KUSH 
B 15,27 nH. 

OTH JlaHHbIe HeCKOJIbKO OTMMUAIOTCA OT Pe3YJbTATOB OMbITOB pAAAa ApyTux 
ABTOPOB, OTMCTHBIIMX 3HAYHTCIbHYIO BbKMBACMOCTb IIPH 9KPpaHHpoBaHHH Ce- 
nesenku (°), Onnako, Kak NOKa3aHO HCCJIeOBaHHAMH Kanaan u Tayaa (4), 
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mipu ose 550 r mpm swmHuM A Bosce He THOM, B TO BPeMA KaK pH paoore c 
uHHeH C;, UepHble mpH To xe Jose noru6s0 23% mpiuel. 

Tv6eb *KHBOTHDIX B OMHUX CJlyY4adX WH OTCYTCTBHE TaKOBOM B ApyruxX MOKeT 
ObITh OOBACHEHA Pa3JIMUHbIM 3HAYeCHHeM (HACJIEACTBCHHO 3aKPeIVJICHHbIM) Ce- 
Jle3@HKH Y MbIMeH pa3HbIX JIMHHH. 

Hamm JlaHHpie O BbICOKOM CMePpTHOCTH 2KHMBOTHBIX C JIOKaJIbHO OOJyYeHHOH 
Cesle3eHKOM COrmacyroTcs c MpeACTaB- 
JIGHHAMH, Pa3BUBae€MbIMH PxAJOM aB- 
TopoB (?) oO 6ombuloH 3HadYHMOCTH 
MOBPexK CHUA KPOBCTBOPHbIX OPraHOB 
B JI€TAJIbHOM acpdeKTe OT OO/IYYeHHA. 


Ta6Oauna 9 


Uucno mefikountos (B THC.) B 1 mM? KpoBH 
Tlocdle JOKabHOrO OOyueHUA CeuleseHKH 


H Yepes uepes | Bnepuon 8 OMHMX CyYatx OH COMPOBOXKa- 

opma 4 uaca 4 cyTKH |Makcumyma eTCH pe3KOH JICHKOMeCHHeH, a B Apy- 

| 25 4 j Ae THX CJlyYaaX, BHAMMO, MOxkeT MmpoTe- 

fl : yecKOro JIeHKO- 

M |40,912| 45,025 | 5,125 | 16,660 27» acs XPOHMYCCKOrO JICHKO 
m(M)| 0,576| 3,209 | 0,762 | 1,7 muTosa (18), 

: 1,26 | 6,06 3,2 Takum o6pa30M, B Hallux uccJe- 


JIOBAHHAX MOKA3aHbl pas/IM4HA B pe- 
akIWH MepudepuyeckoH KPOBH Mpu OGJYYeHHH 2KHBOTHBIX C 9KPaHMPOBaHHOH HU 
JOKasIbHO OGJYYeHHOH CesezeHKOH. B nepBom CJlyuae HMEET MECTO OTHOCHTEJIbHO 
JIHTCIbHad JICMKOMCHHA, CMCHAIOULaAiCA BOCCTAHOBJICHHeM, a BO BTOPOM CJly- 
wae BOSHUKaeT XPOHHUeCKHM JIeHKOUHTOS MOCe KpalHe HeMpOAOKUTeIbHO 
JleHKONeHHH. OK pan poBaHHe Cee3eHKH He MpeMOTBpaulaeT OOULErO pasBUTHA Cie- 
IMpHYeCKOH peaKWHH KPOBH Ha OOuLee OOJIYUEHHE, OLHAKO MpOllecchl penapalluu 
B 9IOM CJlydae HaUMHAIOTCA PaHbIUe HM MpOTeKalOT HECKOJIbKO 9HEPrMdHee, YM 
y TOTaJIbHO OOJYYeHHEIX 2KHBOTHBIX C He3aLl[MU,eCHHOH Cesle3eHKOH. 

Cuntaio CBOHM JOJITOM BbIPasHTb rlyOoKy1o OularogapHocTs mpod. M. B. Ur- 
HaTpesy u A. B. Ilyrauepoli 3a WeHHble COBeTHI Ip MaTeMaTHYeCKOH OONa6oTKe 
MaTepHaJIOB OMbITa. 


Uncrutyt Mopdoworun xKuBoTHEIX uM. A. H. Cepepltopa 
Axkayemun HayK CCCP 


{loctymuaio 
18 IV 1958 
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TEXHHIECKAA PH3HKA 


Jl. HW. WIMJIbKPYT 


K TEOPHH PA3SBHTHS PEAJIBHbIX MHKPOTPELJMH B TBEPJIbIX 
TEJIAX B TiPOLLECCAX JE®OPMALLMN 


(ITpedcmaeaeno axademuxom IT. A. Pe6undepom 28 IV 1958) 


1. Peanbubie MUKpOTpeliMHb! (MOBepXHOCTHbIe H BHYTPeHHUe) B TBePAbIX 
Teax, Kak nokasaHo IJ. A. PeOunyepom (7), a 3atem A. UW. ®penxesem (°), 
HMeIOT, B OTMMYME OT NpencTaBennl Vpuddurua ('), 3accTpeHHble KOHIIbI, y 
KOTOPbIX PaWyC KPHBHSHbI KOHTYPpa MUKPOTpellHH paBeH HysoO. Tlostomy 
IWMpHHa PeaJIbHbIX MHKPOTPelHH eCCTb BeIMUMHA MepeMeHHad, H3MeHAIOULAACA 
OT MaKCHMaJIbHOTO 3HaYCHHA B HanOoJlee pasBUTOH UYaCTH JO HYJeBOro 3HayeHHA 
B KOHIUeBbIX TOUKaX; 3TO MPHBOAMT K H3MCHEHHIO MOBEPXHOCTHOFO HaTAXKeHHA 
BOJIb TpaHWlL MUKPOTPelHH OT MA@KCHMaJIbHOTO 3Ha4eHHA & (HOPMasJIbHOrO 
3HaYUeHHA JVJIX CBOOOAHOM MOBepXHOCTH) B pa3BHTOM YacTH JO HYJeBOrO 3Ha¥e- 
HHA B KOHIeBbIX TOUKAaX (*,3). Takum 06pa30M, peaJIbHbIe MAKPOTPeIMHbI CJle- 
WyeT CUMTaTb JBYXMePHbIMH JaxKe B MIOCKOH 3afaye, a HE OJHOMePHbIMH, KaK 
B ('). Iloqo6Haa cbopMa MuKPOTpPelHH, eCCTECTBEHHO, BbITeKaeT H3 CaMOoli mpH- 
pobl XpyMKOro pa3pyWIeHHA TBePALIX Tel, KOrla MpoucXo_uT mocremeHHoe 
«mepepesaHHe» Tela paCipocTpaHAeMOH TpelulHHOH MW COOTBeETCTBYeT «CaMOCMBI- 
KaHHIO» TPellHH Mocse pasrpy3kuH (?). PopMa MHKPOTpeuHH, OCOOCHHO HX KOH- 
I[OB, HMeeT CYIM[ECTBCEHHOe 3HaNeCHHe JIA TeOPHH XpynKOM MpouHocTnH, Tak 
Kak OT YCJIOBHM Ha KOHWaX MHKPOTPelIHHbI 3ABHCHT CTeNeHb ee YCTOHYMBOCTH, 
Henpapuibupiii Bri6op Tpuddutuem (') reomerpHu MHKpOTpellnH OO ycuIOBMI 
PA, HeOcTaTKOB eFO TEOPHH, M3 KOTOPbIX TlaBHbIM ABJIACTCA HEBO3MOXKHOCTb 
CYICCTBOBaAHHA YCTOHYHBbIX MHKPOTPelHH B HarpyxKeHHOM TBepom Tele. Ilo 
Tpudputuy (1), momyyaetcs, 4To eCJIM WJIMHa TPelMHbI OOJbIUIe KPUTHYeECKON, 
TpeljuHa OyeT pacTH CO 3BYKOBOH CKOPOCTbIO, a eCJIM [IMHa ee MCHbIUe KPUTH- 
yecKoli, TO OHA JouKHa comKHyTpcsx (°). Tlompitka (*) onpaBlaTb Teoputo 
Tpudbutua Tem, uTO OHA AKOObI paspaOorana AIA CAyyad OOMbUIMX TPeUMH, 
BeJIHUHHA KOTOPbIX COM3MepHMa C MOMepeyHbIMH pa3sMepaMH Tesla, He COCTOS- 
TellbHa, Tak Kak [puduriy, paccmaTpHBaJl OeCKOHeEYHO OONbINOe TeNO U, CuJle- 
JOBaTeJIbHO, peUb Lila O MHKPOTpellMHaXx. 

2. Ilycrb B yupyroii niacTHHke CHHHYHOM TOMUIMHEI HMeeTCA CKBO3HAaH 
JIBYXMepHad BHYTPeHHAA MMKpOTpemMHAa, (opMa KOTOPOH onMcaHa BBILLe; 
ee JinHa 2a, yroul ee packpbiTux y KOHIOB 8, Ana ee KonTypa 4/. I]nacruuKa 
pacTaruBaeTca Ha O€CKOHCYHOCTH HallpAXKCHHAMH 9, NePpNCHAMKYJIAPHbIMH K 
6obIUOH OCH MUKpOTpeuMHb! (mIOCcKand 3afjaya). Haliqem Aa sTOM MuKpoTpe- 
UMHbI MetoqoM Tpuddutua (1) 3HayeHHA KPHTHYECKOO HaNpAKeHHA Ox H KPH- 
THYCCKON JVJIMHbI Qx, MPH KOTOPbIX MHKPOTPeliMHa HauHHaeT pacrTH. 

3aKOH W3MeHeHHA YebHOH MOBepXHOCTHOM SHepruH a(S) BAOMb KOHTYpA 


MHKPOTPCIIHHbI almpOkKCHMUpyeM B Buse: 


a (s) = a[1—(1— +)exp(—8 >). (1) 


3necb 8 (6) — mapamerp, XapakTepH3yIOUlMH pe3KOCTb HapacTaHuA «% (s) BAOUIb 
rpaHHUbl MHKPOTPeWIMHb!, Pe3KO YB@JIMUMBalOuHHCA C YBeJIHYeHHeM 6; s — 
JWIMHa ITYTH KOHTYPa, OTCUMTHIBAeMaA OT KOHLA MUKPOTPeUIMHBI. Torya MoBep x- 
HocTHad 9Heprua A MMKPOTPeMHHbI HalieTcH mo dopmyuie 


A(l, 8) = 4aol {1 — zo + gay ll —exp(— BNI} = 


— taplv (9), ...[0<0(6) <1} (2) 


IIpupanjenue moTeHuMasbHoli sHepruu ynpyroH Aedopmallun Au, mopox- 
JlaeMO€ MUKPOTPeLLMHOM, MOKeT ObITh NpPHONHWXKeHHO MpeACTaBeHO B Bue: 


Au = +> (na%s? — hao? tg 5) (3) 
rye k;— NOcTOAHHaA BeIMUMHA, 3aBHCALAaA OT (POPMbI KOHTYPpa MHKPOTPEeLLH- 
HbI (HeMHoro Oompiiad 0,5). Tleppoe cmaraemoe u3 mpaBol yacTu (3) y4urbl- 
BaeT yacTb npupauenua Au, BbIsBaHHYIO KOHWeHTpallveH Halps»KeHHH B paloHe 
MUKPOTPeHHbI, BTOpoe Cylaraemoe ompekeAeTCA NOWatbIO MHKPOTPeuIMHHEI. 

MuxporpenaHa HauHer pa3BUuBaTLCcA, Kora ee AvIMHa 2a Mocruraer KpuTH- 
yeckoro 3HaveHHA 2a,%, NPH KOTOPOM TIOJIHOe TipHpalwjeHwe SHeEprMu TIpHMeT 
MaKCHMaJIbHoe 3Ha¥eHHe. OTciojla mosyuaeM KPHTHYeCKYIO WWIMHY Ax WH COOOT- 
BeTCTBCHHO KPHTHUCCKOe HaMPAKeHHE 3x: 

2c,B0 (8) pean BPE cl tea v (0) 
0 gucaail)teage 0 inci 

o2 ( k, tg eos (= k, tg ) e0s 
2 2 2 2 


TakuM %Ke NYT€M MOXKHO NOMYIUTh KPHTHYeCKHE 3HAYCHHA Ay HU Sy MWJIA MOBeEPX 
HOCTHBIX MUKPOTPelLHH. 

M3 (2) u (4) cefyer:a) CAMOCMBIKaHHe MHKPOTPellHH B Tesle Moce pasrpy3- 
Ku, yKa3aHHoe I]. A. PeOunyzepom, 6) yBemu4ueHve ox MPH YMeHbINeHHU yruia 8 
(yrioBol MacuiTaOHBI adpdekT), B) 9, mo Tpudpuruy aBiserca BepxHeli rpa- 
HUWeH BOSMOMKHbIX 3HaYeHHH KPHTHYeECKOFO HaNpAKeHUA WIA PeaIbHbIX MUK- 
porTpeutuu. 

3. [IlpopeqeHHblli aHamv3 MO3BOJIAe€T NOMOHTH K KaYeCTBEHHOMY OODACHEHHIO 
Pa3JIMYHBIX MCXAHH3MOB JeHCTBHA aCOPOWMOHHbIX CJIOCB H MOBEPXHOCTHO-ak- 
THBHDIX Cpe, BbISbIBAIOWHX OOJIerueHHe WetopMalluli UH pa3spyuIeHHe TBepsbIx 
PEMIO)s 

TBepoe TesIo B HHAKTHBHOM Cpefe OyMeT paspymlaTbca Noce 3HauNTeJIbHOH 
muacTHyeckoH epopMalwu, eCJIM ero mpeses MpouHOCcTH so, OyAeT yAOBMeTBO- 
PATb HepaBeHCTBY 


Opie 


ee ct (5) 


rye o;— mpesel TeKYYeCTH, 5x)— pees MPOYHOCTH IPH XpyNKOM pa3spymeHHH 
Tela 3a cy¥eT pocra HanOo/lee OMaCHOM MHKPOTPeLIHHbI, OMpekeiAemMbIM yeu1o- 
BusMU (4) pH cTaTHCTHUeCKOM pacmpefesmeHuu WepeKkTow B Tee. 

EcuIM aHHoe Teo JepOpMUpOBaTb B MOBEPXHOCTHOAKTHBHOM cpeye, cabo 
NOHMKAIOWLeH €FO MOBEPXHOCTHOe HATAMKCHHE &), CO CKOPOCTHIO, MeHbINeH TOH, 
KOTOPas COOTBeTCTBYeT CKOPOCTH MOBeEPXHOCTHOM MHrpallMH MOJIeKYyJI (MOHOB) 
Cpefbl BHYTPb MHKPOTPelHH, TO MO*KeT MPOMZOHTH CHMKeHHE Mpefsena Teky4e- 
CTH o> H Mpefesa MpOuHocrH oy (°) 6€3 CyU{eCTBEHHOTO H3MEHEHUA oxp. IIpu stom 
aNCOPOUHOHHDI scppeKT MpHBOAMT K YBeMMUeHMIO MIaCTHYHOCTH HM K ycyry6- 
JICHMIO YIPYIHX HECOBEPINeHCTB Tela C OMHOBPeCMeCHHbIM CHHWXKCHHEM eFoO Mpou- 
Hoctu (°). B cayuyae xe felicrBHaA MOBePXHOCTHO-aKTHBHOM Cpefbl, CHsbHO 
NOHM2Kalollell MOBEPXHOCTHOR HATAXCHHE &), MPOHCXOAMT 3HAYHTeEMbHOe YMeHb- 
INCHHE Sxp, IPHYEM OHO MOXKET CTATb MEHbIUE G7, CCH MPH YTOM CKOPOCTh Je- 
cbopMalluu Oyxer Oobue HEKOTOPOrO KPHTHYeCKOTO 3Ha4eHHA, COOTBETCTBYIO- 
ujero CKOpOCcTH JByXMepHOoH murpanHn. B 3sTom ciyuae WOKHO HaOmOaTEca 
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ABJICHHe OXPYNYHBAHUA Tela, COMPOBOAaeMOe CHJIbHbIM NOHM2KeHHeM Mpelesa 
Mipousocru. Ecam cKxopocth yepopmaltuu mpu 9TOM TaKoBa, 4TO MOJI€K YJIbI 
(MoHbI) CpebI ycreBaloT MPOHHKHYTb BHYTPb MUKpOTpenuA Tena nyTeM JByXx- 
MepHOM MUrpallun, HMeeT MeCTO MpoMexyTOUHbI cayuaii 


Or << Sxp < Gy, “ 


Kora paspyuieHve MpOHCXOAMT XpyNKYM MeXaHH3MOM, HO mocwe 3HauNTelb- 
-HBIX mvlacTHueckux pecbopmanuit. 

Yka3aHHble ABJICHAA CYULCCTBCHHBIM OOPas0M 3aBHCAT OT TeMMepaTypsI ONbI- 
Ta, pe3KO BJINAIOUeH Ha YPOBeHb NOHM2KeHHA a) M Ha CKOPOCTb MUrpallun al- 
 COPOMPYIOMNMXCA MOJIeKYJ1 (MOHOB) cpeut. 

Tlocuequue 1Ba MeXaHH3Ma BOSJelCTBUA MOBepXHOCTHO-aKTMBHOH cpeybl 

Ha ITPOUHOCTh UH WespopMallMio TBEPALIX Te MeUCTBUTEIbHO YCTAHOBJICHBI 9KCIIe- 
PUMeHTasIbHO B paOorax IJ. A. PeOungepa u ero corpyauuKos (°,7), a Takxe 
pawa Apyrux uccseqopatenet (8,°). 

Teopua peaJIbHbIX MAKPOTPeWHH, Tak Ke Kak u Teopna Tpudpurua, aBssa- 
€TCxH Teopuelt KPHTHYECKOFO COCTOAHHA MUKPOTPelHH HM MOTOMY He MOxeT MpH- 
| MCHATLCA [WIA MCC LOBAHMA MPOMeccoB, MeAJICEHHO Pa3sBUBAaIOWUXCA BO BpeMeHH, 

B YaCTHOCTH B ABJICHHAX CTAaTHUeCKOH ycTamocTu (BpeMeHHOH 3aBHCuMOCcTH 
_Tpounoctn) TBepAbIX Te. OfHako ecJIM TesIO He BOOMHE yupyroe, u3OKeHHaA 
TeCOPHA peaJIbHbIX MMKPOTPeIIMH CTAaHOBHTCA MIpHroqHOoH uM IA onucanna 

HeYCTAHOBHBIUUXCA IMpOWeccoB, MpOTeKalOULNX BO BPeMeHH C HeOO/bINOM CKO- 

poctpio. B stom Cilyuae MpH MOCTOAHHOM pacTArHBalOuleM HalpsAxKeHUH o Gy- 

Jet HaOMOAaTbCA MOHOTOHHOE mayenue MOLyaa yupyroctu E(t) Bo Bpemenu, 4TO 

TIPHBEJeT K MOCTEMCHHOMY YMCHbIIEHHIO Ax Hox. [Ip Tako MocTaHoOBKe Bompoca 

YUHTHIBACTCH BJIMAHHE CTPYKTYPbI H HeYCTAHOBMBIUMXCA MHKPOMpoleccos, mpo- 

UCXOJAULUX pH AecbopMHpoBaHHN, Ha YCTOMYHBOCTh PpacCMaTpHBaeMOl MUKpO- 

TPelILHHbI. OTO MW MO3BOIAeET MPOBECTH aHAaJIH3 ABJICHUA CTaTH4eCKOM ycraJiocru. 

Kak culeqyeT H3 YMeCHbINeCHHA Ay HW ox BO BPEMeHH, C BO3PaCTAaHHeM BPeMeHH 

HarpyXeHHA B Mpolecc pasBHTHA BKIOUAIOTCA BCe Oosee H OoNee KOPOTKHE 

MUKPOTPEUIHHbI, MPH¥YeM CKOPOCTh pocTa YHCJIa AKTHBHbIX MUKPOTPellHH JoI- 

3KHa MOCTeMeHHO YMeHbIMaTbCA, KAK H BO BCeX ABJICHHAX C MocseqeHCTBHEM. 

Tlono6uHyio KHHeETHKY Pa3BUTHA MOBePXHOCTHbIX MHKPOTPelHH MpH Harpyxe- 

HMM iacTmacc Ha6mogzan B. P. Peremp (2°), w ona, HCXOMA U3 YKa38AHHBIX CO- 

oOpaxkenuli, HocuT oOmMH xapaktTep. Takum oOpa30M, 10 Mepe yBeuIMYeHHA 

BpeMeHM HarpyxXeHHA TePeKTHOCTh CTPYKTYPbI YCYryOJAeTCA HW NPOUHOCTh Tela 

najjaer. Orciofla TaKkxe culelyeT, YTO (:baKTOPbl, YBeIHUMBalOWMe yupyrue He- 

COBepIeHCTBA, JOJKHbI YCHJIMBaTb BPCMeCHHYIO 3aBMCHMOCTb MIpOuHOCTH TBep- 

JbIX Te, UTO MOATBepxKaeTcA sKCMepHMeHTabHO (°,'* 2%) 

Kak clleqyer M3 H3JIO%KeHHOTO, NOABHBINMeCA AKTHBHbIC MUKPOTPelLHHbl 

JOKHEI pacrH MpakTwuecKH MTHOBeHHO. OToro, OHakO, He HaOmMOJaerTca. 

Yxa3aHHOoe MpOTHBOpene MOXKET ObITh YCTPaHeHO, eCJIM yuecTb akTopbl, OuIo- 

KHPYIOULMe pa3BHTHe MMKPOTPeLHH, K KOTOPbIM OTHOCATCA TpaHHbl MUKPO- 

OObeEMOB, H€KOTOpPHIe MeceKTHI, a TaK2Ke MeCTHAA MWacruyeckad epopmarna, 

BOSHHKalollad OKOJIO KOHI[OB aKTHBHOM mukpoTpeujuHpl. Tlocmequuu caKxrop 

ABJACTCA YHMBEPCaIbHbIM. PaccMoTpHM ero B/IMAHHe Ha polecc pasBuTusz 

MuKpoTpemuH. Kak Opiio moxasaHo A. B. Crenanospim (7°), y KOHMOB akTHB- 

HbIX MHKPOTPellHH MOABJIAeTCA pasBuTad 30Ha CBurooOpasoBanuA. [lossue- 

HH 30HbI CIBHTOOOpa30BaHUA NPWBOAMT K paCCaCbIBaHHIO KOHICHTPallHH Ha- 

MpsoKeHH, K «3AKPYTVICHHIOy KOHIOB MUKPOTPelMHbI HM K MPHOCTAHOBKe JaJIb- 

Heiiliero pasBHTHA STO MMKPOTpeuMHb!. CleqoBaTeIbHO, 3-34 ME€CTHOH Ila- 

CTHUeCKOH JepopMaluuu BO3HHKaeT OOKMPYIONMi PakTop B Bue MsATKOTO, 

Mulacruueckoro y3ula. Caezyer OTMeTHTb, YTO OMOKMPY!OUHM AeHCTBHeM Mlac- 

THYCCKHX Y3JI0OB MOb3yIOTCA Ha MpakTHKe [WIA MpeAOTBpauleHHA pasBUTHA 

TpeulMH B Xpyukux Tenax (*,1°). C Apyroi cTOpoubi, ocTpat KOHIeHTpal\wa 

Hallps>KeHuit Ha KOHIaX MUKPOTPeuIMHbI crocoOcrByeT MHTeHCHpUKAlAM CABH- 

TrooOpas0BaHus, TO MPHBOLUT K OXPYMYMBAHHIO MMACTHYECKOTO Yala H, C/eNO- 
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BaT@JIbHO, K €€ pasOJOKHPOBKe, Nocse YEO NPOMCXOANT CKayKOOOPasHbIM POCT 
MUKPOTPeLMHb! BOb HanOosee pasBuToro cfpHra JO OOpasoBaHuA HOBOTO 
mwiacTuyeckoro y3Jia. Y3u0BOH XapakTep Ppa3BHTHA BHYTPHKPHCTAJJIUTHBIX 
MHKPOTPelWMH SKCHepMMeHTaJbHO Nosyyen C. C. Wypaxoppim (''). Takum 06- 
pa3oM, MeCTHaxH mvlacTHueckand eopMallMA OKa3bIBaeT JBOMCTBEHHOE BJINAHHE 
Ha pOCT MHKPOTPelHH: CHauadla OHA OJIOKHPYeT MUKPOTPELIMHY, a NOTOM CNoO- 
co6cTByer ee pasBuTulo. C pyro cCTOpOHbl, HaOsOaeTcA B3aMMOYCKOpeHHe 
mpolleccoB muiacTuueckoh epopMallwH HW pOCTa MHKPOTPELIHH 3a CueT B3aMMO- 
WelCTBHA MexKy HMM, Kak yKa3aHoO A. B. CrenanospiM ('°). 

Ha npouece pa3s6s0KMpOBKH MUKPOTPelMHbI OKA3bIBaloT BJIMAHME CPyKTYa- 
I[MOHHbIe€ MpOeccbl, MPOWCXOAAMMe Y KOHILOB MHKPOTPeLIMHbI HW Pe3KO 3aBH- 
Camve OT TeMMepaTYpbl, BPEMeHH VM KOHUCHTPalHH HaNpsAKeHHU, PacCMOTpeH- 
npie I. M. Bapteneppim (!%) (cm. Takxe (18)). 

Ha pa3BuTHe M@xKKPUHCTAJJUTHBIX TPeLMH MacTHyecKkad JepopmMalluA mpak- 
THYUCCKH HE OKaSbIBaeT OOKHPYoMero eHCTBUA, TOJIbKO CNOCOOCTBYA UX 
pocty (7%). 

Yuer B3aMMOeliCTBUA YKa3aHHbIX JBYX MPOTHBOMOJIOXKHIX Mpoweccos (6.10- 
KHPOBKH MUKPOTPelHH MW UX pasOJIOKHPOBKH) MOSBOJIAeT MOCTABHTb BaxKHbIit 
BONpOc O CYL€CTBOBaHHH Oe3s0macHOH Harpy3KH MpH CTaTHYeCKOM YTOMJICHHHK 
TBEPAbIX TE. 

Tak Kak pa30JIOKHpOBbIBaIOllMe MpPOMecCbl ABHO 3aBHCAT OT TemMepaTypbl 
HM BpeMeHH, TO JWI JaHHOrO Tela JoJDKHa CYUIECTBOBaTb Takad KPMTHYeCKaA 
Temnepatypa 7,, pu KOTOpOH OyeT HMeTb MeCTO JMHAMHMYeCKOe PAaBHOBEecHe 
MexKYy OIOKHpOBKOH uM pasOs0KHpoBKOoH. Torga, ecm Temnepatypa ombita 
T<T,,To 6e30nacHasd Harpy3ka Oy eT CYULECTBOBATh,B MPOTHBOMOJIOHKHOM Cyuae 
OesonacHawd Harpy3Ka CYLeCTBOBaTb He Oyyet. Takum oOpa30mM, CylleCTBOBa- 
Hue 6e30naCHOM Harpy3KH MpH cTaTHYeCKOM YCTaBaHHH TBepfbIX Tel ompeye- 
JIA€TCA COOTHOLICHHEM MeXKAY TemMmepaTypou onbita MW yKa3aHHOl KPHTH4eCKOH 
TemnepaTypoH 7). Murepecuo, uTo ecu Teo cyleqyeT JMHeEHHOMY peoulornye- 
ckoMy cooTHomeHHIo Boswbumana — Bompteppa (('°) uw ap.), B cayyuae, Korma 
apo © (¢ — ct), YYHTbIBalomlee YOpyrve HeCOBepIeHCTBa 3TOTO Tesla, MMeeT 
OcOOeEHHOCIb B HYJe, TO Oe30MacHand Harpy3kKa CTaTMYeCKOH ycTaslocTuH mpH f—>o0o 
otcytcTByer. Ec xe y(f—t) He umeeT OCcOGeHHOCTH B HyvJle, OesonacHan 
Harpy3ka npu ¢f— oo cylecTByer. 

IIpopefeHHblH aHaHu3 MOKa3bIBaeT, TO COUeTAHHe MpescTaBJeHHUl Of peavib- 
HbIX MHKPOTpelllMHax C TeOopHeH HEYCTAHOBMBIIMXCA MHKPOMpOLeccoB TpeTbero 
HM BTOPOrO POJOB NO3BO/AeT MOMOUTH K OObACHECHHIO MHOTHX BaXKHbIX ABJICHHH, 
HaOsMOMaeMbIX pH AesbopMalHH WH paspyWIeHHH pa3sHOOOpasHbIX TBEPALIX Ted. 


JIbBOBCKHHM JeCOoTeXHUYeCKHH MHCTUTYT Ilocrynusto 
11 IV 1958 
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XHMH ff 


Akayemuk b. A. APBY30B u 3. Tr. HCAEBA 


O TIPOAYKTAX PEAKIMH OKHCEM «-MMHEHA HW A%-KAPEHA 
C YKCYCHbIM AHIrHJiPHJiOM 


B 1953 r. B npofomKenuve paSoT no uccieqoBaHuIO H30MepHbIX lipepparye- 
HUM OKHCeH OMIMKJIMYeCKHX TeEPMeHOBLIX yrvieBokOpoxoB Hamu OblIO HayaTo 
wu3yueHve peakUHH OKNCel a-nHHeHa, A®-KapeHa HU KamcbeHa C YKCYCHBIM aHTHy- 
pujloM. 

Bpil0 NoKasaHo, 4TO peakIlHA OMIMKJIMUCCKHX TeEPMeHOBbIX OKHCel C YK- 
CYCHbIM aHTHApHOM MpoTeKaeT CJIO*KHO, C OOpas0BaHHeM cMeceli MpOLyKTOB 
M COMpOBOwKMaeTcA M3Z30MePH3allveH OKUCEL. 

Oxkucb Kam@ena no, WeHCTBHeM yKCYCHOFO aHrMpuya Maer KamcbeHusaHo- 
BbIM aJIbervfl, alleTaT 9HOJIbHOH (PopMbl KaM@eHuMaHOBOrO avibyerufa u DH- 
atetat 2, 10-kamdanquona. 43 npoxyKToB peakUWH OKHCH a-lMMHeHa Cc yKCyc- 
HbIM aHTHAPHIOM Take ObWIM BbIAeIeHbI! TPH BeLeECTBa: KaMOJIEHOBBIM aJib- 
Meru, WMalleraT coOpepouia uv alleTaT HempefesbHOrO cuupta cocTaBa Cy, H,,O,. 
Auasloru4ublt mpoxyKT Obl mosyueH uw u3 oKucu A®-Kapena (Hapsy c Aualie- 
TaTOM ®-KapeHruMKOJIA). CrpoeHHe HX HaMH He ObiwIO yCTaHOBJeHO. 

Hactosmjaa paOoTa uMevla WesIbIO BLINCHHTb CTPOeHHe alleTaTOB U3 OKHCel 
a-muHeHa u A®-Kapena. 

B nocuieqHee BpeMs B TieyaTH nosBuJIMCcb cooOmenua A. Kepromapa no u3y- 
YeHHIO JleHCTBHA yKCycHOrO aHrHpvya Ha OKHCb JIMMOHeHa (1) H CHHTe3y Ne- 
pHs1loBoro cnupta (*), B OCHOBY KOTOpOrO OblJIa NOJIO*KeHa PeakIMA B3AaHMOTeH- 
CTBHA OKHCH B-nHHeHa C yKCYCHbIM aHruypuyom. Ilockouky 9TH paOoTEt 6.1M3- 
KH 10 XapakTepy K HalllIMM UWCCeOBaHHAM TIO H30MepHbIM MpeBpallleHisM Ou- 
I[HKJIMYeCKHX TePNeHOBbIX OKHCeH B peaKILHMH C YKCYCHBIM aHTHAPHOM, Mb! 1y6- 
JIMKYeM MOJIYYeHHbIe K HaCTOSAILEMY BPeMeHH JlaHHble MO U3YYeHHIO CTPOeHHA BbI- 
IU€yYNOMAHYTHIX alleTaToB. Kak y2ke yka3bilBaJiocb paHee (), BbIXOA alleTaTa 
C,.H,;,O2 He npeBbinaeT 30% uA OKHCH o-NHMHeHa MH 22% B cJlyyae OKHCH 
A®-KapeHa. CorviacHoO mpejJioxXeHHOH HaMH CXe€Me MeXaHH3Ma peakKUMH OKHCeH 
C YKCYCHBIM aHTHAPHAOM MOKHO ObIWIO ORKUAaTb, YO OOpasoBaHHe alleTaToB 
C,.H,,O, craHeT mpeoOslaqaiouluM HallpaBJIeHHeM peaKI[HH B IIpHCyTCTBHH Be- 
ULeCTBa, CBA3bIBalOllero alleTaT-HOHbI HU, CJICMOBaTeJIbHO, CBOJALerO K MHHH- 
MYMY peakILHIO OOpa30BaHuA alleTaTOB-JuOJIOB. C Weblo NpoBepKN sTOrO Mpes- 
NOJIO*KeHHA HM MOMyueHua alletatTa Cy.H;,O, c OOM BbIXOJOM peakIlix 
OKMCH 4-IIMHeHa C YKCYCHbIM aHTupHyoM ObiJla mpoBeyeHa B MIpHcyTCTBHM 
NaHCoOs. Onpit noka3au, uro Ha 40% OKHCb &-NMHEHA BOSBPaTHJIaCb B HEH3MeHEH- 
HOM BH Jle; peakilun H80MepH3allHH OKHCH B KaM@OVJICHOBBIN aJIberuf, NpoTeKaia B 
SHAaUHTeJIbHO MeHbIUeli creneHu. Ho BMecTo O%KuJaemoro alleTaTa 43 MpOAyKTOB 
peak Obi BbIyeeH c BbIXOZOM 28% cnupT coctaBa C,)Hj,O mo KoxHcTaH- 


TaM: T. Kun. 93,5—96°/6 mm, n3 1,4972, d;° 0,9544, ,MRuatz.” 46,62, 
Ci)HigO/=2 MRena. 46,77, utenTuunpiit dl-rpauc-KapBeouly (*). Kucapit prase- 
Bbili a:up, T. nu. 136—137°; amureparypHble Maunwe (°): T. MI. Kucuoro dra- 
jesoro adupa dl-Kappeona 136—136,5°. 3,5-J,unurpoOensoaT Obit nosmyyeH c 
Hepeskoi T. nt. 108— 113°, HecmoTpH Ha MHOTOYNCJICHHbIe NepeKpHCTaJIN3a- 
Wu; T. ti. 3,5-4uHutrpoGensoata dl-rpanc-Kappeona 119°, dl-1wc-Kappeouta 
Bi. (*). : 

[lp OKHCJIeHHM CHMpTa XPOMOBbIM AHTHAPHAOM B YKCYCHO KucJOTe Obl 


NovlyyeH KapBou: T. Kum. 94—97°/6,5 mm, 120 1,4955; d2 0,9663, MRaaiiz, 


5,00; CyH yO, MRays, 45,26; BbEIXO 47%. KapBoH HyeHTHpuUNpOBalt 
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TloulyueHHemM cepoBowlopomHoro coewuHeHHa c T. mu. 189—191° (7. na. H.S- 
coequnHenua dl-Kappona 189—190° (°)). 

M3 WaHHbIx, IpvBeJeHHbIX B padore (*), BAQHO, YTO TeMIlepaTypa KMNeHHA alle- 
tata Cy.H,,O, u3 OKYWCH o-IIMHeHa JI@2KUT B INHPOKOM HMHTepBale TeMIepa- 
Typ. C mevbIO BbIeIeHHA WHAMBUAYaJIbHbIX MpOAYKTOB PpeaKI[MOHHad CMeCb H3 
OKHCH &-IIMHeHa M YKCYCHOrO aHruApvya MHOroKpaTHO (ppakIMOHHpOBaJiacb Ha 
KOJIOHKe acpeKTHBHOCTHIO B 27 T. T. Kpome Kam@ovleHoporo avJlbferufja M alle- 
Tara coOpeposia HaMH ObIJIM BBbIJeJIeHbI TpH BellecTBa OAHOTO M TOrO xe CO- 
cTaBa Cy.H,,O, *(o6utHi BEIxoy 31%). 

1. Hwxexunauuit npoxyxr (33,3% no oOmemy Becy mpogyKToB Cy2Hy,O.) 
WMeJI KoHcTaHTHI: 79—80°/3 mm, 12° 1,4783, d2° 0,9921, [#]p = +7° (c 2,85 
gtaHon). MRuasy 55,38; CyH,.O./=,, 4-anenHoe Kompio, MReua. 55,10. 
TurpopaHuem mepdtaieBoH KHCJIOTOH HaleHO, 4YTO B MOJIeKyJIe MpOAykTa co- 
epxxutca 1 QBolHad CBA3b. 

IIpa ompiienuu 7% cmupTo-BoqubiIM pactBopom NaOH nosyuen cmupt 
CyyHigO c Koncrantamn: T. Kun. 67,5—70°/2,5 mm, n% 1,4992, d20 0,9777, 
[«]p = —50,1° (c 1,9, stanom), MRuanx, 45,66, CygH 1,0 |, 4-duleHHOe KOVJIb- 
10 MRsnq 45,50. 

3,5 MuHuTpobexs0arT, T. nut. 122—123,5°; tbenusyperan, T. nm. 96—97,5°; 
n-HuTpoOensoaT, T. mI. 66,5—68°. CormacHo mpeioxeHHO Hamu paHee (°*) 
«OHH€BOHM) CX€Me MeXaHH3Ma peaKIHH &-OKMCeH pH B3aHMOJeHCTBHH OKHCH a- 
MIMHeHa C YKCYCHbIM AHTHAPHIOM MOXHO OKUAaTb OOpasoBaHUA CJIeAYIOULAX Mpo- 


ALYKTOB: 
i 
(ov ~(1ps 
a) 


CH,COO 


? 
O OCOCH, . 
(CH ,CO),0 OCOCH, OCOCH, 
Eye 
CHCOOe ci) 
{ 
+ OCOCH, OCOCH, 
—>- 
—H? 
(ill) 
1 
OCOCH, OCOCH, OCOCH, 
Hy =H 
‘ TaN 
(Vv) | av) 
OCOCH, 
OCOCH,; 


(VI) 


a / i 
* ONBITbI TO MOdyyeHuIO aftyKTOB alleraToB Cy.H,,O; u3 oKkuceli o«-nHHeHa H A®-Kapena 
© MaJICHHOBBIM aHrvpHyom (°) He ObIMM BOCcpousBeeHbI. 
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CaeqoBaTeJIbHO, BbIJeIeHHbIT HaMu OnILMKIMUeCKHii HeMpeAeCJIbHbIN = CHUpT 
¢ | 7BOMHOH CBA3bIO B MOJIeKyJIe MOXKeT ObITh HCHTHUHbIM OJHOMY M3 TIMHO- 


kapBeouios (II). [lo remneparype kuneuua np, d;° u [%]p crupT uyeHTuueH, cKopee, 
TpaHCc-MmMHOKapBeowly (7). OWHaKO B JaHHbIX NO KpHCTaJMYeCKUM NPOH3BOAHBIM 
NOJIHOrO COOTBETCTBHA HeT: MO (7) T. mw. cbeHHypeTaHa TpaHc-nMHOKapBeowla 
96—97°, T. TI. n-HUTpo6eHs0aTa 93,5—94,5°. To yannpim IImugra (8) de- 
HWJIypeTanH TpaHC-lNMHOKapBeowa MIaBuTca npH 88—90°, TpaHc-nMHOKapBeow mp 
THApaTalnu pa3sBeeHHOH CepHOH KHCJIOTOH OOpasyer rugpar c rT. mt. 190— 
191°, KoToppili HaM He yfanocb nosyuntTb. [[uc-nMHOKapBeow! He OOpasyeT rHud- 
pata, HO He JlaeT Tak»xKe H MHOrHX JPyrHX MpOW3BOAHbIX; OOpasyer /-HHTpO- 
Oen30aT cT. mt. 104°(°). Barqeennpiii Hamu alleraT OuIuKsIMYeCKOrO Helpe eJIb- 
Horo cMHpTa MoxKeT WMeTb crpyKtypy (III). B «aureparype MbI He HallIM jaH- 
HbIX HH MO alleTaTy, HH MO CCOTBeTCTBYIOU[eMy eEMy CHMpTy yKa3aHHoro CTpoeHHa. 

2. KouctauTsi Broporo npogxyKTa Cy,H;,0. u3 peakIMH OKHCH «-lHHeHAa 
C YKCYCHbIM aHTHpHOM (OTHOCHTeJIbHOe cOepyKaHve B CMeCH MpOXyKTOB 
C)2Hyg0, 46,9%): T. kun. 87—87,5°/3 uM, ne 14747, 42 00,9707, [alp= 
= 1.0055" (c-1,86,, staHon),. MRyaix 56,24, CyHisO. Fo MRewy 56,14. Ilo 
JaHHbIM THTPOBaHHA ep(TaieBoH KHCJOTOH MpOMyKT cosepxKUT 2 WBOMHDIX CBA- 
3H B MOvJleKyule. 

OmbIIeHHeM BOJHO-CHpTOBbIM pacTBopom NaOH (10%) “3 allerata mouy- 
yeH cuupT C,)H,,0 (Bbrxo4 89,2%) c KoHcTaHTamu: T. Kun. 86—87°/3 mM, 
n® 1,4954, d 0,9510 [¢]p= +115,6° (c 2,77, sraHon), MRuaa, 46,65, 
CypHygO F. MRguy 46,77; 3,5-tuHuTpoGexH30aT, T. um. 120—121°; n-wurpo- 
OeH30aT, T. mu. 101,5—102,5°. 

B peak OKHCH &-NWHeHa C YKCYCHbIM aHPMAPHAOM MO%KHO O*KUAAaTH O6- 
pasoBaHunA JIBYX alleTaTOB MOHOILHKJIMYeCKUX CNHPTOB: allerata KapBeosla (IV) 
WM allerata ctpykKtypp (V). Cpapnenue c JIMTepaTypHbIMH JaHHbIMH NMOKasbiBaeT, 
UTO ONHCbIBAeMbIM CHHPT MO KOHCTaHTaM OJIM30K K TpaHc-KapBeouly. OHako 
3,0-MHUTPOOeH30aT HU N-HUTPOOeH30AT CHJIbHO OTIHMYAaIOTCA 10 T. Ml. OT COOT- 
BeTCTBYIONLUX MPOH3BONHbIX TpaHc-KapBeoua. 

IIpu okucseHuH ciMupTra XpOMOBbIM aHIHpHOM B yKCyCcHOH KuCJIOTe Obl 
TlOsIyYeH C BbIXOMOM 49% KeTOH Cc KOHCTaHTaMH: T. KuN. 86,5—88°/6 wv, gs 
1,4949, d? 0,9659, [x]p>= +24,97° (c 3,78, araHom); MRuaan AB, ol 
C,yHy,OF, MRsnw 45,26. Pennarugpason, T. mui. 108—108,5°; cMewianHas mpo- 
6a c (beHusIrHfpasoHom d-kKapBoua, T. mI. 107—108°, miaBamacb Oe3 Menpec- 
eun, T. mt. (106,5—108°). 

3. Tperui mpomyKt cocraBa C,,H,,O. (OTHOCHTeIbHbIM BbIxog 20,1%) 
WMeJI KOHCTaHTEI: T .KUM. 89—89,5°/3 mm, nZ 1,4844, d® 0,9809, [a]p= 
=> + 23,50° (c le fos 9TaHOJ), MRuawn 56,61, CypHgOoF 2 MRaba 06,14. Mc- 
CcileqOBanue ero MpOROsKaeTca. 

Uccneqopanue cocTaBa MmpokyKToB B3aHMoyelicrsua okHcH A*-Kapena Cc 
YKCYCHbIM AHH ApHOM NOKasa0, YTO peaKIMA MpoTeKaeT He TlaqKoO. CocraB 
MpOAyKTOB peaki\uM (BbIXOA ykKa3aH B pacueTe Ha B3sITyIO B PeaKIHIO OKHCb): 
1) yrmepogoposupix ppakunit c n2 1,4875—1,4913, d 0,8615—0,8787 3,5%; 
2) KapOoHHsICcORepxKallHX MpOLyKTOB 7% ; 3) ametata CyoHysO, 14%; 4) qu- 
aueTata $-KapeHriHuKoaA 13%. 

B peakiuH oOpa3yioTca, 10-BHMMOMY, Ba KapOOHHJIbHbIX CO@HHEHHA: m0- 
ayuenbt 2 cemuKap6a30na c T. mi. 205—207 wu 222-—224° (c pasmorxKeHHem). 
Auerat CysH,,02 (cM. Bbllle) uMe KOHCTaHTbI: T. Ku. 86,5°/3,5 mM, 1% 
1,4746, d? 0,9864, [%]p= —44,01° (© 4,17, “atanon), MRiain 509,33; 
C,.H,;gO. Fy, 3-aenHoe Kombo, MRerwe 55,10. Hasmuune 1 JBOHHOM CBA3H B 
MOJIeKYe YCTaHOBsJeHO THTpoBaHiem nepraseBoit KucsoToH. IlpH ompiienun 
MpoykTa BOJHO-CiMpTOBOH IeIOUbIO (4,5%) mouyyeH ciMpT Cc KOHCT@HTaMH: 
T. Kun. 69—72°/2,5 mm, n2 1,4953, d?9 0,9660, [«]p = —41,37° (c 4,84, 
ataHom), MRuaix 45,91, CroHigOF 1; 3-ymeHHoe KOvIbIO, MRgyq 45,73; 3,5- 
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juunTpoGensoat, T. rut. 106—107°. Cnupr Obicrpo 3aKpHCTaJVJIM30Basica Tp 
3apaxKeHUH ero KPHCTAaJIMYeCKHM TIpPOYKTOM OMbIJIeHHA alleTata CaoklisOce 
NOYYeHHBIM B OLHOM V3 OMbITOB OYMCTKOH Yepes 3,5-MHHTpOOeH30aT (T. KAI. 
100—103°/9 mM, T. mu. 55—56°). | 

Tlo «onvepoiiy cxeMe MexaHH3Ma peakitvH oKHcH A®-KapeHa C YKCYCHBbIM aH- | 
THAPHAOM MOXKHO TIpeCTaBHTb OOpasoBaHve AByX alleTaTOB HelpeeJIbHbIX Ou- | 
IMKJIMGeCKUX CIHPTOB: 


OCOCh, 


1 
* BS 
O OCOCH, ¢ eee (1) 
(CH,CO),0 OCOCH, 
ee ——$ = 
pa 


CH,COO™ 
OCOCH, 


(I) 


Crpyxrypy (II) J]. Tumenxo, A. Xopancxaa u T. JJanusosa (**) upHaa- 
OT alleraTy KapeHosla, NOstyyeHHOMy HMM u3 3-xsop-A*-KapeHa JeHcCTBHeM alle- 
Tata Kawa. AtleraT KapeHowia Hu alleraT 43 OkucH A®-KapeHa CHJIbHO pa3HAT- 
ea no n (1,4820 u 1,4746).Crmprbi—mpoxyKTbI WeOuHOrO OMbIJIeHHA— WMe- 


OT KOHCTAHTbI: KapeHom—T. Kun. 80—81°/0,7 MM, 7% 1,4987, d? 0,967. 
Cnupt us oxucn A’-Kapena — T. Kun. 69—72°/2,5 MM, n® 1,4957, ae 0,9660. 

IIpu o6pa6orke cnupra uz oKucn A®-Kapena (beHuJIM380L,HaHaTOM ObIJIM BBI- 
WeveHb! WBa mpofykta: 1) c T. ma. Y6—97° wu 2) B MeHbUIeEM KOWIHMYeCTBE C 
T. mut, 106—107°. H3yuenue npoxyKToB peakIMH mposounKaerTca. 


Xumuyeckuh uuctutyT um. A. M. Bytaeposa Iocrynusio 
mpH Ka3aHcKoM rocyapcTBeHHOM yHMBepcuTerte 7 V 1958 
um. B. MW. Yabpsanosa-Jlenuna 
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XHMHA 
B. f. BOPOHHH, O. H. TOJIKAYUEB u H. A. THPEOBPADKEHCKUM 


CHHTE3 PAWEMHYECKOrO TYBOK YPAPHHA 


(ITpedcmaeaeno axademuxom A. H. Hecmeanoeoim 30 IV 1958) 


J{eHCTBYIOWIMM HavdaJIOM TpyOOUHOTO KYpape ABJAIOTCA aiKaOHAbI OucbeH- 
BUJITeETParMAPOH3OXHHOJMHOBOH Tpynbl HECHMMETPHUHOFO CTPoeHHA, KOTOPBIe 
OTMMYAIOTCH Apyr OT Apyra MO cTemeHu MeTHIMPOBaHHA a30TOB HM (peHOJIbHDIX 
TuApoKcuios. K BTOpH4YHbIM M TPeTHYHbIM OCHOBaHMAM oTHocaTcs: /-xoHpo- 
coun, d- u [-KYpHHbI M HeKOTOpble Apyrue. PaBHbiM npescTaBuTesiem uerBep- 
‘THUHbIX AMMOHHEBHIX COIeh ABsAeTCA d-TyYOOKYpapHHXJOpHy (TyYCoKypapuH, Ky- 
papuu) (X), KOTOpHIM OONafaeT BbICOKOM (bH3HOMOPMYeCKOM AKTHBHOCTHIO, BEI- 
3bIBad paccylaOeHHe MoMepeyHonoocaToH MyCKyJaTYpbI. 

Xumuyeckad CTpykTypa TyOoKypapuHHa JO nocweqHero BpeMeHN ocTaerTcaA 
He NOATBepxKCHHOH CHHTETHYCCKH, XOTA B 9TOM HallpaBJICHHH BeyTCA HHTeH- 
CHBHbIe padorbl. 

B ocHose OcylieCcTBJIGEHHOM HaMH CXeMbI CHHTe3a (PCHOJIbHBIX aJIKaJIOMOB ps- 
Ja XOHJOACHApHHa JIe*KUT MOCIIEOBATeJIbHOe MOCTPOeHHe CHCTEMBI, COmep Kamei 
3JICEMEHTbI TIPHPOAHOrO aKaONa (CM. CxeMy Ha cTp. 78). 

Konyencauua B-(3-metoxcu-4-okcnpenul)-sTHIaMuHa, T. mI. 156—157°, c 4 
6eH3HJIOKCHeHUMIyKCycHOH KucOTOH, T. mm. 120—121°, npuBoguT k oOpa3o- 
BaHuio -(3-merokcu-4-oKxcuenul)-9THIaMufa 4’ -OeH3 HN IOKCHPeHHYKCyCHOH 
Kucsiorpt (1), T. ma. 121—122°. Coequuenne (I) felicrsuem stuoBoro acdupa 
3-6pom-4-oKcueHuslyKcycHOoH KUCJOTHI, T. mI. 36—36,5°, nepesolaT B f-[3- 
meToKCcHu-4-(2”-OKCH-5"-KapO9TOKCHMeTHIPeHOKCH)-beHu|-sTHIaMHy 4’-OeH3HJI- 
oKcudenusyKcycuonw’ Kucsoter ((II) R =C,H;), T. m1. 65—67°, KoToppli npu 
OMbIICHHH JaeT coorsercTByroulyio KucoTy ((II) R =H), T. na. 83,5—85°. 
Tlocnequaa, mpu B3auMmopgelicrBun c §-(3-mMeroKcu-4-oKcH-5-Opompenul)-9THI- 
AaMHHOM, T. m1. 169 —170°,o6pa3yer B-{3-meToKcu-4-[2”-oKcn-5”-(3'"(3'"-mMeToKCH- 
4’ - oxcn-5’”” -6pomdenus) - sTHIKapOaMHOMETHI) -CpeHOKCH | - PeHUJI}-9THMAMAL 
4’-Gen3uioKcuenustyKcycHoit Kucsorl (III), T. mt. 119,5—120,5°. Denonbubie 
THApOKcHsb! B AMamuse (111) 3amjuuyaroT aleTHIMpOBaHHeM H AMalleTHJIbHOe Mpo- 
u3BoqHoe (IV), T. na. 64—68°, nompepraior peakiun Bumanepa — Hanupasp- 
CKOrO C XJOpoKHcbIO docdopa B xopodopme. [loswyuennpli AnxNOpruypat 
1-(4’ - Gen3umoKcnOeH3H1) -6-metoKcn-7-[2” -alleTOKCH-0"-(6'" -meroKcu-7’’’- alle- 
Tokcu-8'"’-6pom-3'”’, 4’’’-nuruqpousoxuHomu-1’’’-merua)- penoKcn]-3, -4-qurny- 
pou30xuHomMHa (V) ombiiatoT 20% coumnHolt KucioToH B 1-(4'-oxcnOeH3u.1)- 
6-merokcu-7 - [2”-oKcu - 5’-(6’”” - merokceu - 7’”’-oxcu - 8’’-Opom-3'"’, 4’’-qurugpo- 
v30xnHouua-1’’’-merua)-enokcn]-3, -4-2uruqpousoxunosnn (VI), T. na. 174— 
180°. SaKmounTebHbIM 9TAaNOM ABsAeTCA OOpas0BaHHe MaKPOWHMKJIM4YeCKOH 
CHCTeMbI HOCPeACTBOM 3aMbIKaHHA BTOPOH SPUpHO CBA3M B CoeMHeHHe CTpoe- 
Hua (VII), xmoprugpat, T. ma. 176—180°. [pu nocnenytourem BoccTaHOBJeHHH 
yWalocb BbILeIHTb TPH M30MepHbIe HopxoHApodouuna (VIII): 

1. Xaoprugpat, T. nu. 174—176° (43 cmecu cnupt —oapup, 1: 1). OcHo- 
panne, T. mi. 132—134°. 


Haltigeno %: C 7 
CesHgsO0gH2. Boruucaeno %: C 7 


~I 
a | 


COOR a0 0) 
(1) , HN~ OH H Zs OCOCH, 
(ul) OCH, OCH, 


HCl NZ OCOCH, NZ OH CURA OH 
OCH, OCH, OCH, 


(VII) 


2. Xnoprumpat, T. nm. 194—196,5° (m3 cmecu cnupt —apup, 1: 1). 


Hatimeno %: C 62,3; H 6,54; N 4,44 
C34H34OgH2:2HCl-H2,O. Brruucneno %: C 62,2; H 5,82; N 4,28 


3. XsoprugpaT, T. m1. 185—187,5° (u3 cmecu anetou — adpup, 1: 1). 


Hatimeno %: C 63,25; H 6,59; N 4,04 
C34Hga40gNo+2HCl-1/2H2,O. Brruucneno %: C 63,1; H 5,72; N 4,33 


Jipa nepBble u3 HUX MeTHJIMpOBaHHeM ObIIM MpeBpaleHbl B OuTpeTHUHBIe 
OCHOBaHHA, COOTBETCTBYIONIMe NO CocTaBy xoHMosenApuny (1X): 
1. T. na.~207,5—E10,5% 


Hatigeno %: C 71,2; 74,2; 
C3gsH3gOgNo-1/2H2,O. Baruucateno %: C 71,6; 


2. T. na. 128—130,5°. 
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H 6,61; 6,70; N 4.69; 4,38 
H 6,5 N 4 


: ,69 


? 


Kaxxoe 43 9THX OCHOBaHMM JelicrBuemM foxucroro meruua Cc noculeqyrouer 


KPHCTaIM3allnen ObvIH MepeBeseHbI B YeTbIpPe HOAMeTHIATA,HWeHTHYHBIC MexK]y 
coOoli m0 xuMMyeCcKOMy cocTaBy (X): 


1. T. na. 164—166,5° (uz cmecu ayeton — acpup, | : 2) 


Hatigeno %: N 3,43 
CsgHagOgNoJo. Burunceno %: N 3,19 


2. 1. nx. 189—190,5° (us cnupta). 


Hatyeno: %: C 152,25; 52,145-H 5,05: 5,14 N 3,207 3.48 
CagHasOgNoJo. Brruucsteno %: C 52,00; 9,09; N 3,19 


3. T. na. 210—212° (uz cnupra). 


Hafigeno %: C 52,5; H 5,23; N 3,08; 3,17 
CygHggOgNoJo. Boruucneno %: C 52,00; H 5,05; N 3,19 


4, T. na. 257—260,5° (u3 Bost). 
Awake (CHMPT) 225,280 mp (Ig ¢ 4,5488; 40832); Asus» 260 mp (Ige 4,0425), 
Amare (0,05 N KOH) 225,295 mp (1g¢4,763; 4,225); Anun 280 mp (Ig ¢ 4,1715). 


? 


HatizeHo %: C 52,33; 52,29; H 4,94; 5,20; N 2,97; 3,12 
CegHg,OgNoJo. BrruncmeHo %: C 52,00; lab ee N 3,19 


? 


Uerpeptad 43 STHX Coe MMeeT OM3KYIO K NpuposHomy d-TyOKypapHHHoLUAy 
(T. mu. 263—265°) Temnepatypy waBsJIeHHA HW He JaeT Jelmpeccuu Temmepatypbr 
WlaBJIGHHA CMelUaHHOH C HUM mpoOn. YuabTpaduvoseroBbi CneKTp 93TOTO Ccoesu- 
HeHHA COBMafaeT CO cneKTpom d-TyOoKypapHHHOLNAa H MOKa3bIBaeT TaKOe x*xKe 
CMelleHHe KPHBOK B 3aBHCUMOCTH OT PH pacrTBopa. 


Takum 00pa30M, MOXKHO CUHTATh CHHTETHUCCKOe COCMHHEHHE PalleMaTOM MIpH- 
pogqHoro asiKalonsa. 


MockoscKult HHCTHTYT TOHKOM XMMMYeCKOH TeXHOJIOruu Tlocrynuao 
um. M. B. Jlomonocosa 28 IV 1958 
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Jloknann Arkanwemun nayr CCCP 
1958, Tou 122, Ne 4 
XHMH fA 


B. B. 3EJIEHIOB, H. A CABH4 uw akagemuk Buxt, HW. CIMMLbIH 


K BOMPOCY O CTEPEOXAMHM BHYTPHKOMIJIEKCHbIX 
COEXMHEHHM BAHAJHJIA 


B HacTosleM COOOMLeHHH Mbl OCTaHOBHMCHA Ha HeEKOTOPbIX BOINpOCcax CTepeo- 


XMUMHH BHYTPHKOMHJICKCHBIX coeuHeHHH BaHadWJia C ASOMETHHOBbDIMH IIPpOH3BO]- 


HbIMH ApOMATHYeCCKHX O-OKCHAJIberH OB. 

BnepBple BHYTPHKOMIMVIe€KCHbIe COeCMHeHHA BaHaHJla C a30MCTHHOBBIMH IIpo- 
H3BOJUbIMH ObIIM CHHTe3sHpoBaHb! TTdelicbepom u ero corpyquHKamu ('). Tlo3sz- 
Hee MykxepyxKu 4 Patt (?) nowyaHIH MH H3y4HIM MarHuTHy!O BOCIIPHHMUYHBOCTb 
TpeX KOMIMJI@KCHbIX CoeqHHeHHH VO?+ c casIMUH/aJIbMMMAOBDIMH KHCJIOTaMH: 
CaM alasaHHHoM (M.oq = 1,78 Mpg ,) CaMIMJasrIMYHHOM (U.6g = 1,30Mp ) 
WM CaJIMIMslasaHTpaHHJIOBOH KUCIOTOH (spp = 1,81 Mg). Cuntaa, 4To KucuJO- 
po 3aHMMaeT 2Ba KOOPAMHAWMOHHbIX MeCTa, OHH CileJlaIM Tpesmolox*KenHe, 4TO 
BaHayMH B 3THX COeCHHEHHAX HMeeT KOOPJIMHaIHOHHOe YHCIO WecTb, a KOH- 
(purypallua cBa3eH cooTBeTcTByeT d?sp?. 

OnbiTHbIM TyTeM OblIO yCTaHOBJIeHO, 4YTO MarHHTHbIM MOMeCHT KOMMJICKCHBIX 
COCIMHEHHH BaHayusia He 3aBHCHT OT KOOpHHALMOHHOPO YuCJIa WeHTpaJIbHOrO 
atoma. Hanpumep, Kak noKkagasu Balep, Busur u Xayccep (?,*) B Aucamuusad- 
STHJICHIMMMMHaTe §=6BaHalNa (Usp = 1,7U—1,72 Mg) KOOpPAMHAalLHOHHOe 4H- 
CIO paBHO MATH, a B O-OKCHXHHOJIMHaTe BaHatHia (Mso~ = 1,75 Mp) OHO paB- 
HO WeCTH 3a CYeT KOOP HHAIMOHHO MpHcoeMHeHHOrTO MMpHAWHa. ITO xXOpowio 
coryiacyeTCa C TeOpeTHYeCKHMH COOOpaxKeHHAMH O TOM, YTO He3aBHCHMO OT KO- 
OPAHHaWWOHHOrO YHCJIa WeHTpaJIbHOrO aTOMa 3~PPeKTHBHLIA MarHHTHbIM MOMeHT 
KOMIJI€KCOB BaHayuJia paBeH 1,73 Mg. Tem He MeHee, CONOCTAaBJIAA BEMUMHY 
MarHHTHOrO MOMEHTa C JaHHbIMH aHaJI¥3a, MOXKHO CelaTb OMpeeJIeHHble BbI- 
BOJbI O CTePCOXHMHH BHYTPHKOMIVICKCHbIX COeAHHECHHHM BaHaluua. 

BHYTPHKOMIMIeKCHbI€e COCHHeEHHA, KpOMe 5-6pom-2-oKcu6eH3aaHusIMHAaTa 
BaHalusla, Obl CHHTC3HPpOBaHbl MyTeM HarpeBaHHA CTEXHOMETPHYeCKHX KOJIH- 
yeCTB XJIOPHCTOrO BaHalMJla MW allbJerufa B CNHPTOBOH Cpesle Cc MOCMeAYIOULUM JO- 
OaBJeHHeM HeOOJIbUIOrO H3ObITKAa BOAHBIX PaCTBOPOB STHJICHAMaMHHa HIM aMMua- 


Ka. 5-OpoM-2-okcH6eH3aJlaHWJIMHAT BaHalusa NOMyyasICA MpH HarpeBaHuH B Te-— 


Ta6Onauna 4 


Hatiqeno, % BpluncseHo, % 


CoequHeHHe 
Vv N G H V | N 


C | H 


5-6pom-2-okCH6eH3aJ1- 8,42 MAES || ayl(0)8)3 3 
aHWJIMHar BaHagHuia 4,62 49,98 Be 
(Cy;HgONBr)2VO 

Tu(5-6pom-2-oxcu6eu- | 10,50; 5,70; | 39,24; Drone 
gan)-STHJIeHIM- 10,49 | 6,03 | 38,84 | 2750 | 19.37) 5,72 | 39,13 | 2,46 
MMUHAaT Bavaria 
(CsHeEONBr)2VO 

D-Opom-2-okcH6eHsa- | 10,81 BD — — 10,94 | 6,03 = 
MMUHar BaHayuua 
(C;H;ONBr),VO 


"73. | 8,25 | 4,54] 50,57 | 2,94 


weHHe YaCa CHMPTOBbIX PacTBOpoB 5-OpoM-2-oKCHOeH3aaHHIMHa UM XJOpUucTorO 
BaHalWla, B3ATbIX B MOJAPHOM OTHOWeHHH 2: |. 

[lonyuaionueca KpUCTaIM4eCKHe BEIECTBA, PaSHbIX OTTCHKOB 3eNeHOrO LBe- 
Ta, BbICYUIMBaJIMCb 0 MOCTOAHHOMO BeCa M AHa/IM3HpOBaJINCh. 

Marxuruad BOCNpHUMYMBOCTS ONpeneANach no Metogy Tyu IPH KOMHAaTHOM 
TemMlepaType. OTa/IOHOM CJIy2KWJla HEOMHOKPaTHO NMepeKPHCTaMWIHM30BAHHad COMb 
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Mopa. J\vamaruuTHaa Bocnpuumuupocrs V4+ IIPHHHMaslacb paBHOok 9,2 -10-6 
°). Tlonpapka Ha JMaMarHeTH3M OpraHHyeckol uacru BHYTPHKOMIWICKCHEIX 

COCIMHCHMH BBIMMCJIAaCb H3 MOCTOAHHBIX Tlackana. Kak BuHO 43 TAG. 2s 
MalHUTHbI€ MOMCHTHI NOJLYYCHHbIX KOMMVICKCHBIX COCAMHEHHH JexKaT B Mpesemax 


1,76—1,80 mg. Xumuueckuli ana (cM. Tan. 1) yOexjaer Hac B TOM, 4TO Novy- 
UYeHHbIC KOMIWICKCHbI€ COCEMMHEHHA He CO- 


JepxkaT pacTBOpHTeia, B uacTHOCTH Ta6Oauna 2 
BOMbI, KOTOPad MOxeT ObITb KOOPANHA- 


IWHOHHO CBA3aHa C aTOMOM BaHalua. = | ¥ 
IlockompKy aTOM xKuCHOpofa, Kak Fs 
MpaBuJIO, 3AaHHMaeT OHO kKOOpJ[MHallH- Coeaqunennue Ss x ec = 
OHHOe MECTO, TO BaHalHit B STHX CoelH- SON SELe: S 

1 & 

HeEHHAX HMeeT KOOPAHHAILMOHHOe YHCIIO Srigieaiton ee 
NATb, a He WeCTb, KaK Mmpel_nouarann ba Bo oe 
Myxxepmyxu u Pait (7). 5-6pom-2-oxcn6exsa- | ,76| 1370] 294|1,80 

Heyasyo Jbkopax u Opsuur (°) Bar aHHMHHaT BaHayyua 
CKa3asIM NpeAmooxwKenHe, 4YTO KomMe- AH(9-Gpom-2-oKcuGen- |2,22) 1290] 294/176 
KCbl BaHakuia C NOppupHHOM u cpraso- Sara OCATTL Hid 

HaHHHOM JlOJPKHbI OOula - 

a 3 nO ovaamare koHury 0-Opom-2-oxcuOensan- 2,44] 1335] 295/1,78 
pallMei KBapaTHOH mupamuyp. Ilo HMMHaT BaHagasa 


KumOonny (°) KBadpaTHoH mupamuye 
COOTBETCTBY10T THOpHANsaluH dsp? uu dsp*, KOTOpbIe MOryT ObITb NpHMeHEHI 
B JaHHOM cuJlyyae. 

Ho no mpefcrapienusM Jlecuuxa (*) d?sp?-ruOpuqusalusA COOTBETCTBYET TeT- 
paroHaJIbHOH TMpaMue C WeHTPaJIbHbIM ATOMOM, JI@%KalLMM B IWIOCKOCTH OCHO- 
BaHHA C OJHOH CBA3SbIO, HOPMAJIbHOM K STO MJIOCKOCTH, Tora Kak PHOpHyAN3a- 
wua dsp* mpeqnomaraeT, YTO WeHTpaJbHbIi ATOM WOJKeH HaXOMMTbCA BHYTPH 
MHpaMuel m0 ee Bpicore. IIpeynosoxenve O TOM, YTO HOH BaHaMA JIEXKUT B IVIO- 
CKOCTH OCHOBAHHA TeTParoHnaJbHOH MMpPaMHAbl, ABJIAeTCA, IO-BUMMOMY, IIpeno- 
UTHTeJIbHBIM. I[loqrBepxeHHeM STOO MOXKET CJLY2KUTb TOT (PaKT, UTO B O-OKCH- 
XHHOJIMHaTe BaHaslua (*) MOeK Ya NHpHAHHAa KOOPAMHAMMOHHO CBA3AaHA C IleH- 
TPaJIbHbIM HOHOM. HenofleleHHad Mapa SJIeKTPpOHOB aTOMa a30Ta MOJI€KYJIbI ITH- 
pHAuua 3anuMaer cBOOOAHY10 4p-opOurTy u KBadpaTHad MMpaMHsa JerKo WocTpau- 
BaeTCA JO OKTagApa. 

Ha ocCHOBaHHM H3JIOXKeCHHOrO MbI MOXKEM MpeMMOOKUTh, YTO US yYeHHbIe 
BHYTPHKOMMJICKCHbI€ COCMMHCHHA BaHalWJia C a3OMeCTHHOBbIMH MIPpOH3BOHbIMU 
0-OKCHAJIbAerH0B HMeIOT CTPYKTYPY KBaApaTHOH MMpaMHpl. o-CBa3v B 9TOM 
cmyyae oOpasopaHbl B pesysbtTate d?sp?-ruOpulusaunu. Kpome toro, ofna 3d- 
opOuTa BaHaua yuacTByeT B OOpasOBaHHH MpOUHOH x-CBA3H C ATOMOM KHCOpOa. 

Crpoenue 9THX CoeqMHeHHI Moxer ObITb mpescTaBseHo cpopmysamu A u B, 


A 
(@) ‘ 
RO va 
i 5 
fe \ 
Chi CH if 
Ae x C 
O—R % 
R’ i 1, 
CH 
N A 
NZ 
rae: ¥ R=Br—C,H,; R'=C,H, C7 | | Br 
Il R=Br—-CgH;; R'=H = CH, CH, 
Hoerynnsto 
27 V 1958 
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oknanqmp Anagemuu nayk CCCP 
1958. Tom 122, Ne 41 


XHMH fF 


Axayemux |, H. HASAPOB |, H. H. HA3APOBA u MH. B. TOPLOB 


CHHTE3 MOJIMEHOBbIX AJIbAErHOB WM KETOHOB KOHJEHCALMEM 
ALLETAJIEH AJIbJErUAOB C BAHHJIOBbIM HW H30IIPONEHWJIOBbBIM. 
IPHPAMH 


TlomMeHoBble aJIberHabI H KeTOHBI WHpOKO u3BeCTHbI. HekoToppie u3 HAX 
(WuTpasb, PapHesasIb) BCTPeyaioTcA B MpUpoOse, Apyrve ABJAIOTCA MPOMeExyYyTOU- 
HbIMH COC#AMHCHUAMM IPH CHHTe3aX H3OMPeHOHOB, HCCJICAOBaHHIO KOTOPBIX OBIE 
NOCBAMLEH PAL cooOuleHuli Halueli a6opaTopuu (1). SHAaYHTEJIbHO MeHbINe BHH- | 
MaHHA YeAJIOCb HCCJIEMOBAHHIO HW CHHTe3Y MOJIMCHOBbIX KaPOOHWJIbHbIX COeH- | 
HeHHM HepasBeTBJIEHHOM CTPYKTYPbI, XOTA OHH, HECOMHEHHO, MOryT ObITb CTyme- 
HAMM CHHT€3a TaKHX BaKHbIX MPHPOHbIX BeULeCTB, KAK XKHPHble KHCJIOTHI H Ca-— 
xapa. 
IIpaxTuueckuH €MHCTBeHHbIM MeTOJOM NOJYYeHHA NMOJIMeHaeH HepasBeT- — 
BJICHHOH CTPyYKTYPbl ABJIAeTCA METON NOJMKOHAeHCaLMH aJiblerujos. Tak, mpn — 
KOHJCHCallHH alleTasibderufla C KPOTOHOBBIM aJIbJeruoM (HJIM pH MOJIMKOHeH- | 
CalluM CaMOro KPOTOHOBOrO aJibllerufa) B NPHCyTCTBUM COseH BTOPHUYHBIX aMu- — 
Hop Kyu uw Mumep (7) nowyunsH CMecb NoWHeHasel Kak C OTKPbITOH Wenmbio, Tak 
WM UWHKJIMYeCKHX, HapAy CO 3HaUHTeJIbHbIM KOJIHYECTBOM BbICOKOMOJIEKYJIAp- — 
HbIX TIpOLykToB. Pasqenenue STOH CMeCH NpelcTaBUsIO OONbLINe TPYAHOCTH, Tem 
Ooee, TO BbICOKOHEMPeeCJIbHbIe aberuAbI UpesBblyaliHO UYBCTBUTEJbHEI 
K KHCJIOpoxy BOsqyxa M K HarpeBaHuto. IlonpirKu ceeKTHBHOFO MpoBeeHuA pe- 
akunH (*) He WaIH NOMORKUTEMbHBIX Pe3YJIbTATOB, — BbIXO MoMMeHaseH cocTaB- 
Jam He Oomee 20%. 

Lembo HaCcTOALeH PaOoTb! ABJIAeTCA pacmpocTpaHeHHe KOHJeHCAaILMH alleTa- 
Jie C BHHYJIOBLIMH 3c=upamu (*) Ha NOJyYeHHe NOJIMCHOBHIX aJIbeTHOB H KeTO- 
HOB C HOPMAaJIbHOH -yrJlepOHOH IWenblo. 

Konflencalvei alleraia KPpOTOHOBOPO alberuga (I) c BAHUSTHIOBBIM 3<)H pom 
B MIPHCYTCTBHM XJIOPHCTOFO ItMHKAa MOYY4eH alleTab 3-9TOKCHreKCceH-4-asa (II), 
KOTOPbIM MIpH OMbwIeHHH JaeT COpOHHOBLI ambyerug (III). Sry peaxrnto: 
MOXKHO MPOBOMMTb B OLHY CTafuio Oe3 BbIeeHuA atlerasa (Il), u BEIXOA cop6n- 
HOBOrO aJiberufa B STOM CJly4uae Wocruraer 75% ..CopOuHoBbi abzeruy (III) 
mocsle ero MpeBpaleHHA B alleTab (1V) MoxKHO BBECTH B MOCMELYIOULy!O KOHJeH- 
CallHiO C BHHHJISTHJIOBLIM SSUpOM, H MOCMe OMBbIJIeEHHA NOWyYaeTCA OKTATpHeH- 
2,4,6-anb (V) c BbIxofom 71%. Takum nocweopaTebHbIM HapallMBaHHeM enw 
OblIM CHHTeSHPOBaHbI eKaTeTpaen-2,4,6,8-ab (VI) u MomeKanentaeu-2,4,6,8, 10- 
ab (VII). IIpomexyrounpie aera NomyYaJIHCb C BbICOKHM BHIXOJOM pH Jeli- 
CTBHH Ha aJIberHfbl TETPadTOKCHCHJIaHa MO MeTOAy, paspaOoTaHHOMy paHee 
B Halle sadopatopun (°). 


CHsCH = CHCH (OC:Hs)e (1) 
— CH3;CH = CHCH (OC:Hs) CHzCH (OC2H;)s (II) — 
Si(OCH,) « 


CH,=CHOC.H, 
a 


Ht 
—~ CH (CH = CH),CHO (III) — CH (CH = CH)sCH (OC,Hs)2 (IV) > 
> CHs(CH = CH)sCHO (V).— CH3(CH = CH)CHO (VI) + CHg (CH = CH);CHO (VII) 
Bce craquv mpoxoaT ¢ BbICOKUMH BEIXOfamu (70—80%); Takum o6pa3om,. 
3TOT MCTO, MMCCT HECOMHEHHBIe MpeHMyulecTBa Mepey Metoxom Kyua. 
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Oxa3asocb, 4TO aHamoru4HO BHHUJISTHIOBOMY S*upy pearupyer c alletanamn 
H H3ONPOMCHHJISTHIOBLIH SUP, H STO OTKPHIVIO HOBBIli IYTb CHHTe3a NOMHeHOBBIX 
KeTOHOB. Tak, KOHJeHCaMA alleTansa KPOTOHOBOrO asblernza (1) c u830mponenus- 
STHJIOBbIM SPMPOM MIpHBOUT K KeTasO 4-9TOKCHTenTeH-5-OHa-2 (VII), Koroppiit 
MOC€ OMbIIeCHHA Maer rentayuen-3,5-on-2 (1X) c Bprxogom 51%. Tlo stot xe 
Cxeme M3 alleTaeH CopOMHOBOro abkerufa u oKTaTpHen-2,4,6-ana CHHTe3Hpo- 
BaHbl HOHATPHeH-3,5,7-on-2 (X) um yaeKkaterpaeu-3,5,7,9-on-2 (XI). 


CH.=C(CH,)OG.H, 


CH3CH = CHCH (OC:Hg)e (1) 


> CHsCH = CHCH (OC;Hs) CHsC (OCH)CHg (VIII) > 
a CH (CH = CH),COCHg (IX) 
CH (CH = CH)sCH (OC2H5)a(IV)ggq-> CHs (CH = CH)sCOCHs (X) 


CHs (CH = CH)sCH (OC:Hs)2 [>> CHs (CH = CH)COCHs (XI) 

Crpoenve nou1yuecHHBIX Ke€TOHOB JOKa3aHO THApHpoBaHHeM B COOTBETCTBYIO- 

WHE MIpeAesIbHBIE KETOHbI, HCHTHPHUMPOBAHHbIe B BUC UX MPOHSBOAHEIX. 
QOKCNeEPHMCHTAMLBHAR YacThb 

Bo Bcex onbiTaX KOHJeHCalMM ynorpeOrauIcA CBexKenpuroToBIeHHEIt 10% 
PpacTBOp XJIOPHCTOrO ItHHKa B STHJalleTaTe. uqpomus sToKcualletasel, meperou- 
KY H KPHCTaJIIM3alHIO NOMMCHOBBIX COeAMHeCHHH MpOBOAMIM B aTMOCciepe agora. 

Kouencauua ankeTaaa KpoOTOHOBOrO aubyeruga (I) 
C BHHHJSTHAOBHM 3@upom. Kemecn 31 © auerana Kporono- 
Boro aubyeruyfa (1) u 5 Ma pacrBopa xsopucToro WHHKa MpHOaBUsIM MpH mepeme- 
muBaHuu 16 r BUHUSTHNOBOrO a*Ppupa C TAKO CKOPOCTHIO, UTOOHI TemMepaTypa 
peakUMOHHOM Maccpl He NMOAHMMasacb BpIUe 45°. [locsie mpuOaBsenua acbupa pe- 
AKI[HOHHYIO MaCCy MepeMelUHBaJIM OKOIO OAHOFO Yaca, 3aTeM TeMMepaTypy NOL- 
HUMadu No 50—60° un nepememmBaHue npofomKanu eme 1,5 uaca. TIpoxyxr pe- 
akWMH pa3s6aBHJIH paBHbIM OObeMOM 2cpupa, MpompIIH 5% pacTBOpOM efKOrO HaT- 
pa H BBICYIUHIM Hal NpoKaJIeHHbIM MoTalIoM. Iloce pa3ronKu nomwyunau 37,2 r 
(79% vTeopuu) auerana 3-sToKcureKcen-4-ana (II) c vr. kun. 95—100°/12 um; 
np” 1,4248; d,?° 0,8908. 

HatizeHo %: C 66,61; 66,68; H 11,24; 11,14 
Cy2HoqO3. Baruuemeno %: C 66,64; H 411,14 


TlonyueHue copOuHOBOroO awbheruga (IIT). 22 r amera- 
ia (II) 1 45 Ma cMecu, mpuroToBeHHok u3 80 Ma yKCycHOK KUCOTHI, 22 Tr 6e3- 
BOJHOrO alleTaTa HaTpuA u 13 Mi BOI, HarpeBaJIH MPH MepeMelIMBaHHH B aTMO- 
cibepe asota 3,5—4 uaca npn 85—90°. Cmecb OxNaqusM, BEINN B 150 mua se- 
AHO BOUL, OTANI BepXHHH COM, a BOLHbIM SKCTparnpoBaN 2pupoM. Ihup 
WH OCHOBHOe KOJIMYECTBO YKCYCHOM KHCJIOTbI OTOrHAaJIM B BaKYYMe, OCTATOK TULa- 
TeJIbHO HeliTPasH30BaJIH BCTPAXHBaHNeM C pacTBOpOM OuKapOoHaTa HaTpUA u 
locie CyIIKH H pasronKH nomyunsn 8,1 r(83% Teopun) copOuHoBoro ambferuya 
er. kun. 65—677/15 mm w 1351,5354. Ayaxe (B 3TAHOMe) 271,5 Mp. 

Ecam KonJencalliio H THAPOMM3 MPOBOAUTb MOCMeLOBAaTeMbHO Ge3 BbILeeHUA 
mpomexkyTounoro aueraua (II), TO O6mMu BEIXOL CopOMHOBOrO abaernga Noctu- 


raer 75%. 
Anetaab copO6uHoBOoro aabgeruga (IV). Cmech 96 Pr 


cop6uHoBoro asbmerufa (III), 260 r (25 %-i1 U36bITOK) TeTpadsTOKCHcHana, 32 MIL 
a6c. cnupta u 6 ma 85% cociopHou KHCJOTHI OCTABHJIM Ha 3 CYTOK B 3aKPbITOM 
cocyne npu 20°. Tomyuennyto peakIMOHHY!0 Maccy SHeprHyHo BALD RARE B e-. 
uTembHO BOpoHKe c | a 30% pacTBopa eAKoro HaTpa B TeyeHHe 10—1 MMH. , 
OTIC BepXHHH CIOH WH BOLHYIO YaCTb 9KCTParHpoBaJlH apu pom. Ocpu pHbIit 
9KCTPakT, OObCHHEHHEIH C OCHOBHEIM MPOAYKTOM, MIPOMBINH BORON, BbICYIIMIH 
noraimom u pasoruaun. Tomyyeno 144 r (85% TeOPHH) alleTaJIA COPOHHOBO!O aJIb- 


neruga (IV) cr. Kun. 99—100°/21 mm; np 1,4560; di’ 0,8831. - 
6* 


Halizeno %: C 70,49; 70,61; H 10,60; 10,60 
CipHigO2. BaraucmeHo %: C 70,50: H 10,66 


Tlomyueune oxtatpuen-2,4,6 - aaa (V). K cmecu 58 r anerasna (IV) 
ull Ma pacrBopa xmopucroro WHHKa mpHOaBuiu 28,8 MA BHHMSTHIOBOrO 


| 


a:pupa B YCJIOBHAX, OMMCAHHbIX pH Nolyyenun auetana (II). Ilo okoH4anun 


peakUHH K NOJyYeHHOMY MpoxyKTy mpHOaBusu 32,8 r Oe3BOAHOrO alleTaTa HaT- 
pus, 275 Mil YKCYCHOM KHCJIOTHI H 25 MJI BOJbI, H CMeCb HarpeBaJIH B TOKe a30Ta 
mpu 90—95° B revenue uaca. Ilocne oOpm4HOH OOpaOoTKH UH pasrOHKH NOJy4eHo 
34,4 r (71% tTeopun) oxrarpuen-2,4,6-ana (V) c T. Kun. 64—69°/0,4 MM; T. MI. 
57—58° (u3 merposelinoro siupa), YTO OTBeYaeT JIMTepaTYPHIM JaHHbIM (°). 
2,4-.MHUTpPOpeHHMIrHApason MaBuTca mpu 188—189° (us MeTanOJla-3TMalleTa- 
Ta). Awaxe (B H300KTaHEe) 370,5; 389 u 404 mp (°). 

Tlonyueuue Qexatrerpaen-2,4,6,8-ana (VI). Ucxona us 34 r 
aulbleruya (V), m0 omMcaHHOf BIE MeTOANKe NomyyeHo 47,6 r (87% Teopun) 


ero alleraia c T. Kum. 130—132°/15 mm; 74—76°/0,2 mm; nz) 1,5031; d:° 0,8971. 


Hatineno %: C 73,03; 73,07; H 10,40; 10,31 | 


CyeHe p02. Baruncutleno %: C 73,41; H 10,27 


V3 19,6 r sroro allerasid MpH KOHACHCaLHH C BHHHVJISTHJIOBLIM 9(PHPOM B BbI- 
IN@ONMCaHHbIX YCJIOBHAX HM MOCJI€ OMBIJeCHHA MpOykTa peakWuu WyTeM Harpe- 
BaHUA C alleTaTOM HaTPHA, YKCYCHOM KHCOTOH MH BOZO B TeyeHne 10O—15 mux. 
mpu 75—80° nomyyeno 12,2 r (83% Teopuu) MekaTerpaecH-2,4,6,8-ana (VI) | 
c tT. Kun. 112—116°/0,4 mm; T. na. 109—109,5° (ug nerpomeiHoro acupa), 4TO 
COOTBETCTBYe€T JIMTEpaTYPHbIM JlaHHbIM (°). 

ITlonyueuune RohekaneuTaecu-2,4,6,8, 10-ana (VII). V3 12r 
ambneruya (VI) omucaHHbIM BbIIe cnoco6om nomyyeHo 13,2 r (72% Teopun) 


ero allerana c T. Kum. 104—107°/0,1 mm; nip 1,5205. 


Hattigeno %: C 75,60; 75, 67; H 10,0; 10,0 
CyaHo202. Brruucneno %: C 75,59; jal, Oz 


IIpu konyencann 6,7 r aToro alleTasia C BAHHJISTHJIOBbIM S*PHPOM C MOCeLyio- 
WIMM KPaTKOBPeMCHHbIM OMBIJICHHEM IpOyKTa peakWHH Momyyeno 3,7 r (72% 
TeOpHH) WoMeKaneuTaeu-2,4,6,8,10-ana (VII) c tr. na. 159—161° (43 mMeraHosa) 
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KoHReuyCauuaA aleTanaA KPOTOHOBOrO aabheruga, 
C HSONPONeCHHAITHAOBHM J9PuUpPOM. Kounencalluio MpoBo-| 
TWJIM aHaJIOrH4HO MowyueHHio alletasia (II), ucKmI0uMB HarpeBaHHe B  KOHIe) 
peaxuun. M3 17 r auerana (I) momyyeno 15,5 r 2,4,4,-rpustokcnrentena-5 | 
(VIII) cr. kan. 57—61°/0,1 mm; n> 1,4300, nocme ruyqpomu3a KoTOpOroO CMeCcEIO | 
alleTaTa HaTPHA, YKCYCHOM KHCJIOTHI HM BOAbI (4 yaca, 85—90°) BpifeneHo 6,8 Pr. 


(51% Teopun) renraquen-3,5-ona-2 (IX) cr. kum. 79—80°/18 mm; np 1,5182. 


Hatineno %: C 76,50; 76,59; H 9,08; 9,17 
C,HyoO. Brruucneno %: C 76,38; lish Wl) 


? 


Tlomyyenne HOHATpHeH-3,0,7-0H a-2 (X). AnanoruuHpim my- 
Tem v3 8,5 r aera CopOnHoBoro asbzeruga (IV) np Konyencaltuu c v30mpo- 
Ne€HHJISTHJIOBbIM S(PHPOM HM OMBIJIeEHHH MpOLyKTa peakuuuH ( 1 uac, 80—90°). 
nosyueno 4,2 r (62% Treopuu) HonaTpuen-3,5,7-ona-2-(X) cr. Kun. 62—64°/0,2 mM; 
np 1,5453. Ayaxe (B aTaHOve) 229,5 (lg ¢ 4,05) u 316 (lg ¢ 4,23) mn. | 

Ero 2,4-quHuTpopenwirnypason mpaBuica upa 170—172° (u3 sranona- 
STHJalleTatTa); Ayaxc (B H300KTaHe) 316 u 404 mp. | 


Haiineno %: C 56,52; 56,53; H 5,02; 4,97; N 18,26; 18,29 

CysHigO4Na. Boruucaeno %: C 56,93; lal Dale INA eric 

IIpu ucuepnpipaiomem ru{puposanuu KeTona (X) B npucyrcrBuu nannalua: 

Ha CEpHOKHCJIOM CTPpOHIUMM NOrOTHOCb 3 MOJIA BOAOPOa, HW MOMy4eH HOHAHOH-2, 
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ceMuKapOa30H KoTOporo nulaBuscA pH 120—120,5° (us Boguoro meranosa), 
uTO OTBEYaeT JIMTeEpaTyPHbIM JaHHbIM (7). 

Tlonyuenune yHfexarertpaeu-3,5,7,9-0 n a2 (XI). Ananorny- 
HO ONHCaHHOMY Bbllue u3 9,8 r alleTaA oKTaTpHeH-2,4,6-anA nomyseno 5,2 r 
(64% Teopuu) yHtekaterpaen-3,5,7,9-ona-2 (XI) c 7. Kun. 94—96°/0,4 mm; 
T. mt. 101—103° (u3 nerponelinoro supa) (8). Awaxc(B 9TAHOWIe) 243,5 (Ig s 
3,85) u 351 (Ig ¢ 4,62) me. 

Hlonyyenupiit u3 Hero 2,4-qunnTpodenusrn~pason napusica npu 163— 
164° (u3 MeTaHOowla-sTHsalleTata). 

HatigzeHo %: N 16,67; 16,72 
Cy7HigO4Ny. Buruncneno %: N 16,37 


IIpu vucuepnprBaioujeM rujpupopanuu Kerona (XI) norsorunocb 4 mous 
BOfMopofa MW MOJyYeH YHeKaHOH-2, ceMMKap6a30H KOTOporO MlaBuJIcA mpH 
122— 123,5° (m3 BoqHOro MeTaHouia) (7). 


VWucruryt opranuyueckolt xumuu um. H. J. SennucKoro Ilocrynusto 
Axajlemuu HayK CCCP 16 V 1958 


IMTHMPOBAHHAA JIMTEPATYPA 


3apos uagp., AH, 114, 331, 1029 (1957); WH. H. Ha3sapos, MK. A. 
AH, 118, 716 (1958). * R. Kuehn, M. Hoiter,-Ber., 63, 2164°(1930); 
r ltgsciy WF ais, Ber., 7063870 (1937), ==). Eta 3 a= 

a Hse AH MEGEP. “OXE, 1958) 2382 22 Re. = Heoaroel tne 
h, J. Am. Chem. Soc., 71, 3468 (1949); O. Isler et al., Helv. Chim. Acta, 

). 5. A. Heasa pos, CC. MaMaxk wn, b. Ky Kopi wo By JAR, 
Fischer, O. Wiedemann, Lieb. Ann., 513, 251 (1934). 
© fie Gade, LED MOU COD); Peele sClneiey iat S Calmwill 
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Jloxnnzayn Akajlemun HaykK CcCcGcP 
1958. Tom 122, N 4 


XHMHAL 


A. M. PYBHHUITEHH, FO. A. IJIBTEKOB u K. H. CJIOBEL.KAA 


XEMOCOPBILMSA HSOMPONKWJIOBOrO CNMPTA 
HA KATAJIM3ATOPAX— ®EPPOAJIFOMOLEJIAX 


(IIpedcmaeaeno axademuxom A. A. Banandunoim 19 IV 1958) 


J\a XapaKTepHCTHKM AKTHBHOCTH M H30MpaTeIbHOCTH OKHCHBIX KaTaJu3a- 
TOPOB B KaveCTBE Z3TAOHA YaCTO HCMOJMb3YIOT PeaKWMIO Pa3sJIO%KeHuA HU3ONpoNH- 
NOBOrO cnupTa. Sta peakiHA MOxKeT HATH 10 ABYM HallpaBJIeHHAM: Jleruypata- 
uMoHHOMy (Hampumep, Ha AleO 3) u erHsporeHHsalHOHHOMYy (HampHMep, Ha 


MeTasllaX WIM OKHCAX, B TOM 4ucMe Ha FeeOs). Ilomo6Hoe ucceqoBaHue, Co- | 


CTAaBJIAIOMLee MPeAMeT OTAENbHOrO COOOMLEHHA, ObIIO MpOBeAeHO B Hale sa6o- 
paTropuu c cdeppoamomorenamu. IIpeqcraBiasio MHTepec NOSTOMY HCCJIeLOBaTb 
ajlcopOmulo H30NponuoBoro CNupTa Ha KaTasu3saTopax FeeOs - AleOs, Ha Ko- 
TOPbIX MpOTeKa1oT 9TH OO€ peaKIHH, YTO HM ObWIO CheaHO B WaHHOH paoore. 
MccneqopaHve MpOBOAUJIOCb BAKYYMHbIM MeTOJOM Ha Becax Max-bena mpu 30°. 


VUcxogupe oOpa3iibl TOTOBUJIMCb COBMeCTHBIM ocaxeHHem AI(OH)s u Fe(OH)s — 


10% BogHbIM pactsopom NHaOH. Ilouyuennpie ocaqku MpOMbIBaJIM, CyIIMJI 
u (OPpMOBaJIH B BUJe TaOeTOK (qHamMetp 1,2—1,3 mm). OrjesIbHbIe NOPUMA STHX 
KaTaJIM3aTOPOB HarpeBaslH B TeyeHHe 7 uac. mpH 400 u 600°. Ilepex onpiramu 
OOpa3llbl OTKAUNBasIH WO JaBseHua 10> mM pr. cr. u Temnepatype 300°. B auna- 
JIOPHUHBIX YCIOBHAX SBAKYHPOBAJIHCb HaBeCKH TeX 2e OOpPaslloB, KOTOpbIe 3a- 
TeM MOJBepraHcb MpokaJIMBaHHio Ha BO3Lyxe upu 1250° B TurenbHOH neun 
Jia onpeweneHua norepn Beca. IIpu stom yObiib B BeCe OTHOCHJAaCb 3a CueT 


yWaleHua CTPyKTYPHOH BOJbI, COfepxaHHe KOTOPOH B OMbITHBIX OOpasilax 
mpeacTaBeHo B TaOw. |. 


WAC ie eier 4 
Cogepxxanue Fe,O3, mom. % 8 18 By 40 46 ye 
Conepxxanne HO, Bec. % 
mpu 400° Dp oe) a0) el, Cue ho OS 
ipa 600° fo. a2) 0,9 — 0,7 


TlockoubKy He ObWIM H3BeCTHLI MOJIEKYJAPHbIe MIOWa,KH WH NOBeeHHe U- 
CsH7OH wa uccieqyembix KaTaMu3aTOpax, BeHUMHbI yAebHOH NOBepXHOCTH 


Ta6Oaunua 2 


Comepwanue Fe,O;, Mom. % 
8 18 32 40 46 57 
Temiepatypa o6paborKu, °C 400) 600 | 400} 600 | 400 | 600 | 400 | 600 | 400 | 600 | 400 | 600 
Y ebHaad Nopepxuoctb s, M?/r_ | 360] 215] 350} 200 | 320 | 160 | 280} 150 | 270 | 160 | 260] 120 
Koxuextpanus OH-rpynn, w.aKB/m?|15,6! 6,7 |11,1/6,619,0| —/8,8/6,8 8,8| —/8,2]| 4,9 
Tlona XeMOCOPOLMH a, UMOJI/M? 3,5] 4,5] 3,5/4,9/3,8|4,4|4,3/4,3|4,014,1/ 4,2 4,0 
[Inomaqka wo, A? 48] 39| 49} 37] 45] 40] 41] 44] 45] 42) 43] 42 
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oOpashos paccuuTpIBaiu mMeToom BOT no usorepmam afcop6uun napos Gex- 
soja np 20°, mpHHuMasa Mowantky, NpuxXOAALyrocd Ha OfHYy MOveKyJy B MOT- 
HOM MOHOCJIOe, paBHoH 41 A?®. M3 aTux u30Tepm OblIM paccuHTaHbl WMamerppl 
M OOWWMH OObeM NOP Aa Kaxkoro oOpasua. M3mepenua moKazasu, 4TO BCe UC- 
CIeMOBaHHble OOpasiibl OOsalawoT CpaBHHTebHO IWMpOKMMM NopamMu MopsyKa 
60—100 A, ucKoueHHe CocTaBaanM npoKaneHHbie mpu 400° odpa3ibl, coxep- 
xaune 8 u 46 Mon.% Fe2Os, y kKoropbix AMaMmerp Mop Obl HECKObKO MeHBILIe— 
oxoo 50 A. 3HaueHuaA yebHOH MOBepXHOCTH MIpHBeAeHLI B Taw. 2. 
B onpirax c a6comorHpim u-CsH7OH uccaeqopanocb BauaHHe CocTaBa 
M YCJIOBHH TepMHYeECKON OOPaSOTKH KaTaH3aTOPOB Ha ero aycopoOunw. Ha pre. | 
NIPHBeeHbI OMbITHLIE HM30TEPMbI 
aycopo6unH u ecopOunn u- b, 
CsH;OH Ha  xkaTamu3saTopax 
Ppa3JIMUHbIM COOTHOIMeCHHeEM 
FeOs u AleOs, npokaseHHbIx 
mpu 400 u 600°. Uepupmu Tou- 
KaMH OOo8Ha¥eHa jlecopomua. 
V3 puc. 1 BugHo, 4To u30mpo- | 
2 


wa! 6 
a 


MMJOBLI CnupT mpu 30° xemo- 
copOupyerca Ha NMOBepXHOCTH 
Bcex HcCJleyeMbIxX OOpa3syoB. ¥ 
CoctaB KaTalM3aTOpoB Maso 1 
BJIMAeCT Ha BEJIMUMHbI XeMOCOpO- / 
UHH, KOTOpad ropa3lo CHIbHEee 
‘3aBHCHT OT BEJIMYHHbI UX YWeJb- 


HOH MOBePXHOCTH. OTO yKa3bl- 0 
BaeT Ha TO, YTO B MOBePXHOCT- OY g2 U3 Of O2 Oe = Ot Ge 
HOM CJloe KaTaJIM3aTOpa uMeeT- Ep, 


tA HOO TONbKO OAMH KOMMO- 

mer, 60 Ga xommonenra, DNC, 1. Hsorepna copsuat xoongonnosoro enn 
B OJMHAKOBOM ME€pe X€MOCOP- fg xatanusaTope(B Mom. %). 1 — 8, 2 — 18, 3 — 82, 
OupyroulHe HW30NpomMsoBbIi 4—40, 5—46, 6 —57. Temnepatypa mpokaauBa- 
cnupt. OgnaKo neppoe mper- Hua: a — 400°, 6 — 600° 
TIOJIOWKECHHE OKA3bIBAeTCA HECO- 

CTOATCJIbHbIM, IMOCKOJIbKY KaTaIH3aTOPbl TOTOBHJIMCb COBMeCTHBIM OCax- 
yleHuem. Bropoe mpeqnouowKenue modTBepxKaeTcaA JaHHbIMU (pasoBoro aHaH3a, 
MmOKa3aBuiero, 4YTO KOMMOHEHTbI KaTaJIH3aTOPOB PaCTBOPeHbI Apyr B Apyre, 
OOpa3syxA [Be cba3sbl TBepAbIX pacTBopos: 1) yo 8 mon.% FeeOs B AleOs u 2) qo 
25 mom.% AleOs B FexOs. Puc. 1 noka3piBpaeT Tak2Ke, UTO MOBBILIEHHe TeMMepa- 
TYPbl MpOKaIMBaHHA KaxKAOTO W3 KaTasIM3aTOPOB MPHBOAHT K YMECHbILICHHIO 
Kak oOmleH afcopOunu u-CsH7OH, Tak u xemMocopOupoBaHHoro KOJIMUeCTBA 
ero., [locmequee oOcToATeIbCTBO CeLyeT YYHTHIBATh MPH BbIACHeHHH MpHpOLE 
XEMOCOPOWHH, MOCKOJIbKY pH Goslee 2KeCTKOM TepMHueCKOH OOpadoTKe a) YMeCHb- 
quaeTca coJepxxaHHe BOI HO) yMeHbINAaeTCA yebHad MOBEPXHOCTb KaxKoro 
KaTamu3atopa. HeoOxolumo o6cyauTb BOMpOoc, Ha KAKHX MOBEPXHOCTHBIX rpyii- 
max mpoucxoquT xemocopo6mus. 

B 1950 r. Kucenespim c corp. (!) 6pia o6HapyxKeHa HeOOpaTHMad CopOlHA 
CH30H cumuxaresem Beseqcrsue oOpa30Banua MoBepxHocTHoro supa. B pa- 
6ore Tonunesol u Bannog (7) Obiio ycraHoBeHO, YTO MeTHJIOBbIM CHUpPT MpH 
-B3AMMOJeHCTBUM C OKHCbIO aJIIOMMHHA UM aJIIOMOCHJIMKaTHbIM KaTa/IM3aTOpoM 
oOpasyer aHaJlOrMUHble MOBePXHOCTHBIe COCAMHeHHA 3a C¥eT MOBePXHOCTHOH 
peakILHH C THAPOKCHbHEIMH Tpyniamu mo cxeme: CHsOH + H —O —Al <-> 
—> H20 + CH3 —O — Al<. . 

Tepenun c corp. (3,4), mo3quee BaOyuikun c corp. (°,°), uccmeqya undppa- 
‘KPaCHBbIe CIeEKTPbI BeUeCTB, alCOpOMpOBaHHBIX Ha CTekKJaXx, CHIMKarese H OKUCH 
aJMOMHHAA, MOKA3aIH, UTO MPH alcopOunHn CNMpTOB HaOsMOMaeTCcA UCIesHOBeHHE 
yacTOTbI, XApaKTepH3ylolleli HEBO3MYICHHbIe THAPOKCHJIbHbIe FPYIMbl, HW BO3- 
HMKHOBeHHe YaCTOTHI, XapakTepH3yloulel CBA3b C —O —M B oObeMHbIX aJIKO- 
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romatax. OntuuecKiMH MeTOfaMH ObIJIO TakxKe OOHAPyxKeHO OOpasoBaHHe M0- 
BePXHOCTHOFO KOMIIeKca 3a CueT BOROpOHOH cBisH M—O—H. B uc- 


Bs-O=R 


Ce@OBaHHOM HaMHM cCylyyae mpounad aycopOuua w-CsH7OH yxa3plBaer Ha | 
oOpasoBaHHe MOBepXHOCTHOrO aKOrodAtTa Tuna: R —O — Me,— KoToppii B | 


YCIOBUAX KaTasu3a (MPH MOBbILICHHH TeMMepaTypbl) MOKeT pa3JiaraTbca, Ma- 
Bad MponmMien. 


Takum 06pa30M, MOKHO 3aKJIOUMTb, YTO pH KOMHATHOM TemmepaType Ha — 


MOBep XHOCTH KaTaJIH3aATOPOB MpOTekaeT XHMHYCCKAA acopOuusa W30MpOnuJ1o- 
Boro CIiWpTa, C o6pa3s0BaHHeM MOBECPXHOCTHBIX aJIKOFOJIHTOB. 


Ilpu paccmoTpeHuv MeXaHH3Ma XeMOCOpOWHH M3ONpONHJIOBOrO CMHpTa MBI — 


UCXOJMIM M3 MpeMMOORKeHHA, YTO Ha MOBEPXHOCTH KaTaJIM3aTOpa BbICTyMaloT 
PHApOKCHIbHbIe Trpynnbl. OueBuyHO, uTO KOHWeHTpawun OH-rpynn na nmoBepx- 
HOCTH 3aBHCHT OT COCTaBa OObeEMHOH (ha3bl UM TepMHYeCKOH OOpaborKH. M3 Tabu. | 
BHO, UTO COflepxKaHHe BOJbI B KaTasu3aTOpe yObIBaeT C POCTOM TeMMepaTyPbI 


oOpa6orkH MC pocTom CcosepxKaHHA FeeOs, mpHueM KOJMUeCTBO BOMbI YObIBaeT 
OpIcTpee, YEM BEIHUMHA YeJIbHOH NOBepXHOcTH (cp. CTA. 1H 2). ITO yKasbiBaer | 


Ha TO, UTO KOHIWeHTpalluan OH-rpynn Ha eHHHUY NOBepXHOCTH KaTaH3aTopa 
IPH 3THX H3MCHECHHAX yMeHbuaetcs. II]pH STOM, Ka3aJIOCb Obl, LOJ2KHO MpOHWCXoO- 
J\MTb MW YMeHbINeHHe JOM XMMMYeCKOH acopOunH. Mcxoqa u3 KHHeETHKH Jecopo- 
IMM, LOO XEMOCOPOLHH MbI OLLCHUBaJIN MO TOK YaCTH COPOMPOBaHHOrO KOVIMUECT- 
Ba ClupTa, KOTOPad He YflasineTCH MYTeM SBaKYHPOBaHHA OOpasloB pH 
KOMHATHOH TemmepaType HM aBseHuu 5 - 10° mM prt. cr. B TeyeHue 2 uac. 
STO KOMHUYECTBO PaCCUHTHIBAJIOCh Ha CAMHHILY NOBepXHOCTH JWIA TOrO, UTOOBI 
HCKJIIOUHTb (akTOP CaMOH BeJIMYHHbI MOBePXHOCTH, MeHAIOWeHCA KaK Mp 
TepMHYeCKOH OOpaooTKe, TAK HM B 3aBHCHMOCTH OT CosepxKaHus, Fe2Os B KaTaJu- 
3aTope. 

B TaOa. 2 NpHBeeHbI 3HaYeHHA OH XeMOCOpOMNH (ay) H BEIMUMHbI KOHICH- 
Tpauuu OH-rpynn, paccunTaHHble pu JOMyileHHu, YTO BCA BOfla HaXxOJUTCA 
Ha moBpepxHocTu B Bue OH-rpynn. B sty TaOHly BKJIOUeHBI TakK2%Ke 3HAYVeCHHA 
®  MJIOWaOK, 3AHHMAeMBIX MOJIeK YON U30MpoMaHowa B MOHOCJIOe Ha NOBepXHO- 


Ss 
CTH KaTalM3aTopa. OTH 3HaYeHHA BHIMMCIAINCh 10 PopMyJe w=7ZV, 

m 
res —BeM4unHa YebHOH MOBePpXHOCTH KaTasu3aTOpa, BbIYHCJIeHHaA 10 


ypapuennio BOT us u30Tepm afcopOunn napos Gex30u1a, N —uucso Aporagpo, | 


@ Am —€MKOCTb MOHOCJIOA XeMOCOpOHpOBaHHOrO MH30MpoOMaHoa, paccunTaH- 
Had 10 STOMY %e YPaBHEHHIO JWI eCOpOWMOHHOH BeTBH H380TeEPMbI copO6mHH 
u = C3sH70H. 

Us rao. 2 BUAHO, TO KOJMUECTBO XeEMOCOpOMPOBaHHOrO H30MpoMaHoua npaK- 
THYCCKH OCTA€TCA HEH3MCHHBIM OKOVIO 4 1 MOWI/M? HM B Te€PBOM MpHOJIM2KeHHH He 3a- 
BUCHT OT COCTaBa MU TemnepaTypbl OOpadorKu. Iloq06HbIM 2%xe OOPasoM, KOHILeH- 
Tpaiua OH-rpynn na oOpa3iax, npokasleHHbix mpu 600°, Toxe He 3aBMCHT OT 
cocTaBa uM cocTaBuaeT 6,7 :9kB/M?. B To Ke BPeMA 9TA KOHICHTPallnA y OOpasos, 
nporpetpix npu 400°, yOnipaet c poctom comepxanua Fe,O; u oKa3blBaeTen 6oub- 
me, YM y aHaJIOrHYHbIX OOPaslOB, NpoKasieHHHIX mpu 600°. Sto cpuyzeremper- 
BYe€T, BEPOATHO, O TOM, NTO Ha NOBEPXHOCTH KaTaJIM3aTOpa HMeeTCA MocTaTOUHOe 
KOJIMYCCTBO THAPOKCHJIbHBIX Fpylill WIA Toro, yTOObl MpoTeKana xemocopOuna. 
Ecam conocTaBuTb, sipieKTHBHbIe MOWALH MoMepeyHOrO CeueHHA MOJeKYJIbI 
usonponanova (40 A) uw OH-rpynnpi (12A ), MoxkHO 3aKJOUNTb, YTO Jaxe npY 
yasenuu 60% mnospepxHoctuprx OH-rpynn, o6BouakuBalollux MAOTHBIM MOHO- 
CO€M WACTHIbI KaTaMsaTOpa, XEMOCOPOUNPYeMbIi H3ONPONMWJOBbI CIUpPT MOXeT 
NOKPBITb BCIO NOBEPXHOCTb, MOCKOJbKy CeyeHHe MOJIEKYJIbI CHUPTa B TPH pasa 


npeBbiliiaeT Nonepewnoe ceyenue OH-rpynnu. B muTepatype npuBogutcs TaKxKe | 


BeIMuHHa eMKOCTH | M? Jima HacbeHua OH-rpynnamu « = 13 poKB/M? qua 
MNOBEPXHOCTH KPUCTaJJIMYeCKOrO KBaplla H KpeMuHesema (7). TombKO AIA OLHOrO 
oOpasia HaOsOfaeTCA npeBbieHHe STO BeMYuHBI. B ocTanbHbIxX CIyYaAX BBI- 
YMCJICHHBIC 3HAYCHHA CMKOCTH MeHbe 13 » 9KB/M?, NOSTOMY WIA OO/IbLIMHCTBA 
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oOpa3slloB XapakTe€pHO HaJIMYHe Ha MOBEPXHOCTH HE TOJIbBKO THAPOKCHJIbHbIX 
Tpynt, HO H KHCJIOPOAHbIX ATOMOB, TIPHCOCJMHEHHBIX K MeTaJIJIyY lO CxXeme: 
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Jloxnann Axkajemun nayr CCCP 
1958. Tom 122, Ne 4 


PH3BHIECKAA XHMHA 


r. M. BYOB u B. B. JIOCEB 


VU3Y4EHWE JJIEKTPOJHbIX MPOLWECCOB HA AMAJIBTAME WHHKA 
METOJIOM PAXMOAKTHBHbIX HHAMWKATOPOB 


(IIpedcmasaeno axademukom A. H. Ppymcunoim 30 IV 1958) 


OcuoBHad TpyAHOCTb, C KOTOPOM MpHXOMMTCA CTaJIKHBaTbCA IPH USyYeHHH 
MpOleccOB aHOAHOTO paCTBOPeHHA HM dJIeKTPOOCAKMeHUA MeTAJJIOB, CBASAHA C 
TeM, UTO JJIs| MHOPUX METAJJIOB CKOPOCTb COGCTBEHHO 3JIEKTPOXHMHYECKOH CTaMHH, 
4a UMeHHO CTafMu pa3paya — MOHM3allNM pearupyIOWlMX YaCTHIL, HaCTOJIbKO Be- 
JIMKa, 4TO B OOBIUHBIX YCJIOBHAX CKOPOCTb BCero Mpowecca, KaK MpaBHJIO, JIMMH- 
TupyeTca cTafuel mepenoca pearHMpyioulMxX YaCTHIL K MOBEPXHOCTH J/eKTposa 
WIM WpORyKTOB peakUMu OT dIeKTpoya. EcTecTBeHHO, UTO CHATHIC B STHX YCJO- 
BHAX CTallHOHapHble MOJAPH3aWMOHHble KPUBble He OTPaxKaloT HEMOCPeACTBEHHO 
KHHETHUCCKHX 3aKOHOMepHOCTeli cTaquH MOHUsalNMN u paspaya. Tlostomy Aa 
M3YUCHHA MeXaHH3Ma ObICTPbIX BICKTPOMHbIX MpoleccosB ocodoe 3HayeHHe MpH- 
oOpeTaer H3MepeHHe OJHOFO H3 BaXKHbIX MapaMeTPOB, XapaKTePH3YIOUIMNX CTaMMIo 
HOHH3AallHu UH paspsxAya, a HMeHHO TOKa OOMeHA, B TAaKHX YCJIOBHAX, KOra MOXKHO 
HCKJIIOUHTb BJINAHHE BCeX JPyrHx CTaMi, KpoMe COOCTBCHHO IJIEKTPOXHMHYECKOH, 
Wa KHHeTHKY 2eKTPOAHOrO Mporecca. PaccmMoTpHM KHHeTHYeCKHe 3aKOHOMep- 
HOCTH MpOlecCOB HOHU3AaLlHH H paspsAya Ha IpuMepe peaKUMH AHOJHOFO pacTBope- 
HMA aMaJIbraMbl MeTaJia B pacTBOpe, COflepxauleM MpocTble HOHbI TOrO *Ke 
Mmetasma: Me — Me™*+ ne. Ha ocHopanuu TeopHu 3amMefmeHHoro pa3psaga (+) 
3aBUCHMOCTb MJIOTHOCTH TOKAa OT NOTeHWHala MPH aHOJHOM NOMApH3aHU BbIpa- 
2KaeTCH YypaBHeHHem™ 

Lb sik Cre PRE —_R’C pe tP eRe, (13 


re C, u Cp — oObeMHbIe KOHILCHTPallHH aMaJIbraMbl MH pacTBopa, « Hu B — Ko3p- 
(PHILMeHTHI Nepenoca, MpHueM pHHATO a + 8 = 7. IIpn paBHOBecHOM moTeHIIMase 
®p CKOPOCTH aHOAKOrO HM KaTOJHOrO MpOleccoB paBHbl TOKy OOMmeHa: 


bore Gaey Cri Geren erin (2) 

Ecam yuectb OTJIMYHe KOHILCHTpalluli y MOBepXHOCTH OT COOTBETCTBYIONIUX OOb- 
€MHBIX 3HaYeHHH MpH OoJIbUIMX i, NOmyYaeM M3 ypaBHeHH (1) u (2): 

i = ig [(1 — i/ig) e®FAIRT — (1 4 i/i§) e—*FaeIRT], (3) 


“a alk e en) 
rye ig M ig—anoqunit wu KaTO,uBI npeqembuple ToKu, Ap =9-— 9). Ilyrem 
couetanua (2) c ypaBHenvem Hepxcra HeTpyAHO nOJIyUHTb BLIPAKeHHE JIA 3a- 
BUCHMOCTH TOKa OOMeHa OT KOHUWeHTpaluli amasbrambl HM pacTBopa ** 


ig = ROL ee (4) 


Kak BugHo u3 (4), myTeM W3MePeHUA fy MPH Pa3/IMYHIX KOHILeHTpalWAX aMaJib- 
raMbl HW pacTBOpa MOXKHO HaHTH XapaKTepu3ylOUMe 3aMeIeHHYIO CTaQMIO KOsp- 


* 

IIpuuaTo NonyieHue, 4TO CyYMMapHasd SMeKTPoLHaA peakIMA COCTONT U3 p-xAa Mocmeno- 
BaTeMbHBIX ORHOSMEKTPOHHEIX CTaquit, Mpuyem HawOowlee MeqleHHad M3 STHX cTaquli MMMUTH- 
pyeT Ckopoctb BceH peakiun (°,*). IIpennomaraetca TakxKe, YTO B pacTBope MpucyrTcrByer u3- 


ObITOK HAAN epeHTHOrO STeKTPOAUTA, H, CAeAOBATEMbHO, MOXHO HE YYMTEBATS HaTMUHA -y-NO- | 


ah 
TeHIMaJla ( ) WM CUNTATb KOSMUMHEHTHI AKTHBHOCTH HOHOB MeTaJIJIa MOCTOAHHbIMH. 


ok 


H MOHM3aMM aTOMOB BOLOpona (*). Ypapnenne (4) ormuuaertca or O6btMHO MpuMeHsteMpIx BbIpa- 
*KeHMM JIA 3aBMCHMOCTH TOKa OOMeHa OT KOHWeHTpauuli aMambrampr M pacrsopa (2,5) Tem, uTo 
J ? 


é | 
YpaBHenve Takoro THIa Opi BNepBble MOY YeHO ANA peakUMU paspAya HOHOB Boqopona 


TOCMCKHHe BbIBeHeHb! B MpeNONOKEHHM, YTO 3aMeeHHOM cTaqueil IneKTpomHoro Mmpoyecca— 

ABAACTCA OMHOBPEMEHHOE OTULCMIeHHe M SCKTPOHOB HM IpHHsATa HOpMupoBKa «+ 8 = 1, Tor- 
‘ ’ 

Aa Kak B MPHBCACHHOM BbpILe BEIBOKe IPHHATO % +- B = n. HetpygHo yOeqursca, uro cusnue-— 


CKHH CMBIC KosppuunenTOB a UB B OOOMX CyyaNx HeomMHaKoB (,3). 
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<pulveHTbI % uw B, KOTOpHIe B CJIy¥ae ObICTporo STeKTpPOAHOTO mpolecca He MoryT 
ObITh OMNPeMeseHbI HEMOCpeACTBCHHO 3 OOBIUHBIX MOMAPH3aMOHHBIX KPHBBIX. 
Kpome Toro, onpejeenue mapamerpos iy, « H 8, B CO“eTaAHHH C H8MepeHHeM Mpe- 
ACIbHBIX TOKOB, MO3BOJIACT PaCCUHTATb NOJIHYIO MOMAPUSALMOHHYIO KPUBYWO, 
BbIPaxKaeMylO ypaBHeHHeM (3), KOTOPOe YUHTHIBAeT He TOKO MeMWIeHHOCTh CTa- 
AMM paspaa — MOHH3alMH, HO HM KOHIeCHTPalMOHHY1O NOAApHsalLnio. 

J\1a W3MepeHHA TOKOB OOMeHa Ha aMaJIbraMHbIX SIeKTPOMax HapALy c pa3- 
JIM4YHBIMH HECTAIMOHAPHBIMA MeTOaMu (mepemMeHHoTOUHbI (4,°-§) ranpBaHo- 
cTaTHueckHit (°,'°) Hw noreniMoctaruyeckuii ("4,12)) mpumenserca TakxKe MeTON 
PaAMOakTHBHbIX WUHAMKaTOpos (1°,'*). Tlocmequna merTox oTmMuaetca Tem, uTO 
USMePeHHA TOKa OOMeHA MPOH3BONATCA B YCJIOBHAX, MAKCHMAJIbHO NIpHOuIM>KeH- 
HbIX K P€@BHOBECHBIM*. 

Llenbio HacTosuel paOoTL! ABIAeTCA U3MepeHHe TOKOB OOMeHAa Ha aMaJIbrame 
IMHKa Me€TOJOM PatMOakTHBHbIX HHAMKATOPOB B COUeTAHMH C MOMAPH3allMOHHBIMH 
H3MepeCHHAMH WM ONpeeIeHHeM AHOJHOrO HM KaTOLHOrO MpeenbubIxX TOKOB. Ta- 
KO€ COUeTAHHE JaeT BOSMOMKHOCTh YETKO BHIEMTb TOT HHTEPBaJ! KOHIeHTpalluli 
AMaJIbraMbl H paCTBOPa, B KOTOPOM CKOpOCTb OOMeHa JIMMMTUPYerca CTafueli pas- 
pala — HOuM3allMv, a He AuppysveH palMoakTMBHbIX YaCTHI, MH, KPOMe Toro, 
MO3BOJIACT COMOCTABUTbh SKCHEPHMeHTAJIbHbIe MOJIAPH3aUMOHHbIe KPHBbIe C pac- 
CUMTAHHBIMA NO YypaBHeHHIO (3) C HCMO/Jb30BaHHeM MapaMeTpoB fy, %, B UM ia, 
OMPeMeICHHBIX B HCHTHUHDIX SKCNEPHMEHTAJIbHbIX YCJIOBHAX. 

Hamu Oblula HCnO/Ib30BaHa ONHcaHHad paHee MerToquKa (2) C HeKOTOpbIMH 
ycoBepiueHcTBoBaHHaMH **, V3mepenua ToKa OO6MeHa MmpoBOANHMCcb B aTmocepe 
a3oTa upH 25°C B HHTepBayle KOHWeHTpalnui amasbrampt 0,00008—0,97 M, 
B pactBopax 0,0001—0,20 M ZnSQ,, nogKucaenHpix H,SO, (0,005 M), 
¢ Wo6aBKoH MgSO, Aus coxpahenua mocrosHHoi voHHON cuit (2 M). Tpeypa- 
PHTeJIbHbIe H3MepeHHA MOKa3aJIM, 4TO TOK OOMeHa B LIHPOKOM OOwIacTH KOH- 
meHTpaunu ZnSO, (0,01—0,20 M) Mano 3apucuT oT 4dHCa O6opoToB Me- 
wadKH (200—500 06/mux). Ha6sogapuieeca mp yBesIMYeHHH CKOpocTH mepe- 
MeClWIMBaHHA HeOOsbWoe yBeMYeHHe TOKa OOMeHa OOYyCJIOBJIeHO, MO-BHAMMoMy, 
BO3pacTaHHeM MOBepXHOCTH aMaJibraMbl. Bce onbiTbl ObIIH MpOBeeHbI MpH CKO- 
pocTu nepemeumBanna 400 o6/muH. 

Pe3yubTaTbI H3MepeHHii TOKa OOMeHa, a TaK2Ke aHOJHOTO HM KaTOHOrO Mpe- 
JeJIbHbIX TOKOB MpeficTaBsleHbl Ha pc. | u 2. Haksonpi npsmpix Igi# —lgC, 


u Igi* —lgC, papubl coorsetcTBeHHo 0,96 u 0,97, T. e. MpefeIbHbIe TOKH Mps- 


MO IIPONOPIMOHaJIbHbI COOTBETCTBYIOULMM KOHIUeHTpallHAM. Kak BHHO u3 pic. | 
u 2, KpmBple lgij)—IgCa Hu lglg —IgCp cocroaT H3 JByX yYaCTKOB C pa3- 
JIMYHBIMH HaKJIOHaMH, TIpHyeM B OGJIaCTH HH3KHX KOHWeHTpalMl Koscppulen- 
Tbl HakKJIOHa OJIH3KH K eHHHUe, H COOTBeETCTBYIOIMe YyuacTKH Napasi- 
JICJIbHbI MpAMBIM JIA MpeesIbHbIX TOKOB. I]o-BHAHMOMY, B STOH OOWIaCTH KOH- 
IeHTPallHi CKOPOCTbh HepeXxoJa pawoaKTHBHbIX YaCTHIL B PacTBOp JMMHTHpyeT- 
cA He cTaqueli paspayia—nonnsalun, a Audbysuvel sTHX YaCTHIL H COOTBETCTBYIO- 
UlHe OMbITHBIC 3HAYeHHA iy 3AHMXKeHbI MO CpaBHeEHHIO C HCTHHHbIMH TOKaMH 06- 
mena, IIpu Ooee BbICOKHX KOHIeHTpaluAx HaOsosaeTcA Ooslee Me/WIeHHBIY 
pocT ToKa OOMeHa C KOHIeHTpallvelt: npH yBesHYeHHN KoHWeHTpaluH ZnSO, 
or 0,01 no 0,20 M (npn C,=0,13 M) ToK o6mena Bospacraer oT 2,8 
no 22,5 ma/cm?; npn yBemWueHHH KOHIeHTpawun aMasbrampl oT 0,013 


* KoneuHo, B Culy4uae OUeHb BbICOKHX TOKOB OOMeHa axKe MpH HHTCHCHBHOM NepeMeLIn- 
BaHHH aMaJIbraMbl H pacTBOpa MOKeT HaPYLWATbCH paBHOMepHoe pacmpefedeHve PayMoakTHB- 
HbIX YaCTH, B OGeUX (pasax, KOTOPOe ABAACTCA OCHOBHBIM YCOBHeM MpaBHJIbHOrO H3MepeHHA 
TOKa OOMeHa; IIpH 3TOM MOXKET OKA3aTbCA, YTO H3MEPACMAA Ha OMbITe CKOPOCTb epexoya palno- 
AKTHBHBIX “aCTHIL Yepe3 MOBePXHOCTb passeta (pas OyAeT oMpefeATLCA CKOPOCTHIO Anppy3sun 
STUX YACTHIL BHYTPH OAHOM u3 daz (14). 

' #** Bo osueiiky Opiwia BBeseHa  CTeKAHHAA MarHWTHAA MellaiKa MponemmepHoro 
THa Wit MepeMeliMBanHA aMabraMbl M pacTBopa, a Takxe O1opeTKa C mpucmocoOseHHeM 
WIA MpeABapHTeIbHOFO HaCbIeHHA A3O0TOM MOOaBIAeMEIX MOPUAM pacTBopa. C ofnok nope 
aMaJIbraMbI, MCUCHHOIt payuoakTUBHBIM H30TOMOM Zn®°, MOWXHO ObIIO H3MeCPATh HECKOMbKO 3Ha- 
yeHuli TOKOB OOMeHa, OTBeUAIOWMX Pa3IMYHBIM KOHILeHTPallMAM pacTBopa HJM pa3JMUHbIM 
rTeMmepaTy pam. 
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no 0,970 M (npu C,=0,025 M) ‘Tok oOmeHa sospacraetr oT 2,9 0; 
8,3 ma/cm?. B sro OOmacTH KOHUeHTpalluii 3 HakJIOHOB UpAMBIX Igo — lgCa 
u |gij —lgCp mo ypaBHeHuto (4) HaMH HalieHbl Kos*puuneHTbl % = 0,52 +- 
+0,04 u 8 =1,40-+-0,05. 


lg Cy 


Puc. 2. Sapucumoctb ToKa oOMmeHa (a) 

WM KaTOJIHOrO TipeyembHOrO TOKa (6) oT 

KOHHeHTpaunn ZnSOg MpH KOHIeHTpa- 
uuu C, =0,13 M Zn 


Pune. 1. SaBucuMocTb ToKa o6meHa (a) u 

aHOJHOrO mpeyebHOro ToKa (6) OT KOH- 

ICHT pallu aMaJIbraMbl ypu KOHWeHTpaluu 
Cp= 0,025 M ZnSOg 


Tloyuenupie HaMH 3HaUeCHHA TOKOB OOMeHa YAOBJICTBOPHTeJIbHO Coria- 
cyioTca c jannpmn B. A. Ilmeckopa u H. B. Muauep ('%), ofHaKO HECKOIbKO: 
HWXKe BeJIMYMH, HaleHHbIX MApyruMu aBTOpaMH MPH NOMOMM HecTalno- 
HapHbIx MeTogos (*,°,°,1°,"*)*. SHavenua Koa¢p- 
cbuyuenTOB MepeHoca « HW B XOpoIO Corvia- 
cyorca ¢ JaHHbimMu Tepuimepa (*). Bausocrp 
CYMMbI SKCIePHMeHTAJIbHbIX S3HaveHHH a u 
K 2, a TaK2Ke H€3ABHCHMOCTb BeCJIMYHHbI fy OT 
CKOpOCTH NepeMellIMBaHHA PacTBopa CBHze- 
TEJIbCTBYIOT O TOM, UTO B 3TOH OOMACTH KOH- 
WeHTpallu CKOPOCTb OOMeHa JIMMUTUPyertca 


cTaqMelt pa3pxafla — MOHH3alIMH, a He Aud- 


ds 550 


07, pe or 


Puc. 3. SaBucuMocTb ToKa o6meHa oT 
Temnepatypbl npx C)=0,025 MZnSO,4 
uC, =0,13 M Zn 


(by3neli paqwvOakTHBHBIX YaCTHIL. OTOT BbIBOL 
MOTBepxKaercA  pesybTaTaMH UsyUeHHA 
TeMilepaTypHOH 3aBHCHMOCTH TOKa OOmeHa 
JWIa JIBYX KOHUWeHTpalul aMabrambl (mp 
Cy = 0,025 M), coorTBercTBy1oulMX pa3HbIM 
yyactkam KpuBpot Igij—lgC, (puc. 1). Ha 


puc. 3 u300paxena 3aBucuMmoctD |g i, —1/T 
qian C,=0,13 M sp unteppane 3—45°. Bur- 
THCICHHaA M3 HaKJIOHa STO MpAMOMH 9HePrMA aAKTHBALHH COCTaBAAeT 
7,4 KKaul, TOra Kak JA KOHWeHTpanun C, = 0,00013 M, coorserctsytomel Aud- 
(PySMOHHOK OOnacTH, SHeEprua aKTHBalluu COCTAaBsIAeT IIpHMepHO 5 KKall. 
Hapsaqy ¢ u3Mepenuamn ToKa OOMeHa MBI CHUMAJIM B STO 2Ke aUelKe 1 nIpHu 
TOM 2K€ Pe*KHMe TepeMelIMBaHHA NOJapusduNoHHbIe KpuBble. Ha puc. 4 
PesybTaTbI STHX H3MePeHHt MpefcTaBJeHbI B BHe KPy2KKOB H KpeCTHKOB. 
H KPOME TOrO HaHeCeHbI COOTBETCTBYIONIME STHM KOHILCHTPallUAM TOKM OOMeHa**; 
CIVIOWHBIMH JIMHMAMM HaHeCeHbI TeOpeTHYeCKHe MOMAPHSAMMOHHbIe KPHBHIe, 
pacCuMTaHHble 10 ypaBHenuto (3) C HCHOb30BaHHeM HalieCHHbIX HAMM 3HaveHHit 
lo, KOSPPUUHEHTOB a u B, a TaKxKe NpeebHbIX TOKOB***, Kak BUAHO H3 pue. 4, 
SKCIICPHMCHTAJIbHBIC TOUKH XOPOIUO CoBMaaiwoT C TeEOPeTHYCCKUMH KPHBbIMH. 


* 
,Bo3MOxKHO, YTO STH pacxoxeHUA oSycnOBMEHEI pa3JIMUHAMH B AHHOHHOM CocTaBe i 
HOHHOH CHI IIpHMeHABIIMXCA pacrBopos. 
Snayenua ip, OTBCYaIOUMe pasOaBJIeHHbIM aMaJIbraMaM, OMpeeseHbl SKCTpanosaunelt 
Beha yuacTka Kpupoit Igij—IgC, (puc. 1), Kotopsiii o1Beyaer KuHeTHYeCKOl o6macTH. 
Fla pacueta aHOpMBIX KPUBEIX OBO HCTIOMb30BaHO NIpHOWKeHHOe ypaBHeHHe, MOJIy- 
YeHHOe 43 ypaBHenua (3): 


ePPAQ|RT pris e—*FAG|RT 
i, ig eFAG/RT 
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OTO ABIACTCA JONOAHUTEbHEIM MOMTBEP2KLeHHeM TOTO, YTO CHOW 3OBaHHBIE 
pH pacyeTax BeJIMYHHBI i),% H B (HaleHHbIe He3aBHCHMbIM paHOXuMuye- 
‘CKHM MECTOJIOM) ABJIAIOTCH JOCTOBeEPHBIMH, T. e. eHCTBUTebHO XapaKkTepu3y- 
joT CTaMIo pa3spAya —WOHM3alMH, H HE HCKaXKeHbl B 3aMeTHOH CTenmeHu 
Jucpy3MOHHbIMH = acpdpeKTamn. 

Anas ypaBuenua (5) uid aHOHEIX MOMAPH3AMOHHBIX KPMBbIX MOKa3bIBa- 
eT, UTOBCy4ae KpuBOH 3 
1#/ig~0,1 uw nepBblli wien 
B 3HaMeHaTele MaJIl 0 ee 
‘CPaBHeEHHIO CO BTOPbIM 
(ckopoctb axogHoro mpo- ~4440 
yecca JIMMMTHpyerca Audp- 
(pysueli), Tora Kak JA 
Kpusou / i4/i,~10 u npn 
He O¥eHb BbICOKHX Ag Mo- 
XKHO OTOpOCHTb BTOpOL 
WIe€H B 3HaMeHaTeJe (JIH- 
MHTHPytouleH cTauen AB- -0600 
JIdeTCA yxKe pa3spaq— ; 
MOHM3allNa). CileqoBaredb- Lge 


HO, TOJIBKO cy Es 
® 3 BD SRS SV Bea Puc. 4. IlonapusamMonHble KpHBble JIA pagJIMUHbIX KOHILCH- 
CHHA KOHIMeHTpalnu Tpaul amambrampi: 1 — C,—0,026 M Zn, 2— C, =0,0029 M 


aMaJIbraMbl (MPpHM€PHO B  7n, 3—C,=0,00011 MZn (C,= 0,025 M ZnSQ,). 
200 pas), mpH npounx PaB- @—rToK o6mena, 6 — TOUKH KaTOJHOM BeTBA NOAApHsalu- 
HbBIX YCJIOBHAX, MPOW30- oxnHO KpHBOH, @ — TOUKH AHOAHOM BeTBM NOMApHsSaNOHHOi 
Ime mepexox u3 muddy- KPHBOH. CMJIOWIHbIe KPHBbIe pacCuYHTAaHbI MO ypaBHeHHIO (3) 
3HOHHOH OOs1aCTH B KHHe- 
THYeCKYy!O. STOT atpekT OOYCOBCH Pa3JIMYHOM 3aBHCHMOCTbIO TOKa OOMeHAa 
MW aHOJHOrO MpelesbHOrO TOKa OT KOHI[CHTPallHH aMaJbraMbl Cy: B TO BpeMaA, 
KaK TIpeMeIbHbIM TOK JIMHeCHHO 3aBMCHT oT C,, TOK OOMeHa BO3PaCTaeT C yBeJN- 
‘ueHHem C, ropa3j0 MefwieHHee (ypaBHeHHe (4) Hu puc. 1)*. Kak ascrByer 43 
MOJIYYCHHBIX HAMH pe3yJIbTaTOB, STOT addpeKT MOxKeT ObITh UCMONbL3OBaH IA 
Takoro MoOopa KOHILEHTPalH pearupyloulHX BelecTB, MPH KOTOPOM MO2KHO 
-CYILCCTBEHHO YMCHbIUNTh BUIMAHHE udpy3HOHHOM CTaHH Ha CKOpOCTb ObI- 
CTPbIX QICKTPOAHIX MPOMeCcOB, H B YaCTHOCTH Ha H3MepeHHe TOKa OOMeHA. 
Bpipaxkaem raryOoky1o OjarofapHocTp aka. A. H. ®pymKuny 3a WeHHbIe 
COBETHI IPH OOCYKeHHH Pe3yJIbTATOB aHHOH paodornl. 


5 y, 3 v 


VMucrutyr sexrpoxumun Akazemuu HayK CCCP Iloerymuio 
@u3nko-xumMuyeckul MHcTuTy? uM. JI. 1. Kapmosa 29 IV 1958 
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* Tlon06Hoe ABeHHe MOxKeT, MO-BHAMMOMY, IIPHBOAHTb K Tepexoly OT OOpaTHMpIX BOVIH 
‘K HeoOpaTuMpIM MpH CHATHM AHOMHEIX MOMAporpaMM Ha aMavIbramax ('°). 
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Jlokrxann Axkagemun nwayk CCCP 
1958, Tom 122, Ne 4 


PH3SHYECKAH XHMH A 


®. WH. BHJIECOB, Bb. JI. KYPBATOB u akayemuk A. H. TEPEHHH 


MACC-CHEKTPOMETPHYECKOE HCCJIEMOBAHHE ®OTOMOHH3SALNK 
WH ®OTOAMCCOLLMALMH TAPOB AMHHOB 


Tipu namux u3MepeHHAX MOTeHWMaJIOB (POTOMOHH3aLHH MapOB OpraHHyeckux 
coequnennit () mpeqnonaranocb, YTO NOX MeHCTBHeM OOM YYeHUA MOJeK YJ AIMHa- 
MM BOJIH B BaKYYMHOHM ysbTpaduoueTroBon OOacTH CneKTpa MpOWCXOAUT 9JIe- 
M€HTapHad POTOMOHH3aLHA MOJIEKYJIbI C OTPbIBOM 9JIEKTPOHA. 

C pyro CTOpOHb!, H3BeECTHO, 4TO_MpH OOMYYeHHH MOJIeEKYJIAPHbIX Tapos 
KOPOTKOBOJHOBOM payuaiunel Zo 1050 A (sHeprua KBaHTa 11,8 9B) MpoHcxoAHT 
Tak2Ke (pOTOAMCCOMMAaLLMA MOJI€KYJI, KOTOPaAd UCCeLOBaacb B PAe pador (cM., 
Hampumep, (*)). 

Jia JleTasbHOro HCCeOBaHHA TUX MpPOWeccOB HaMU OblJI H38POTOBJICEH MaCC- 
cnekTpomertp 90-rpaylycuoro Tula c payMycoM cpefHeli TpaekTOpHH HOHOB 126mM*. 
PaspepTka mo MaccaM Oblla aBTOMaTHUeCKOH — 9KCIIOHCHIMaIbHOH C pe- 
ructpaluet cnekTpa camonucuem Tuna IIC-01. Monnpm ucrouHuK CKOHCTpyu- 
poBaH OblsI TAKUM OOPa3oM, UTO MOXKHO ObIJIO MPOH3BOLUTh MOHUB3ALLHIO UCCIeLye- 
MOTO Ta3a Pa3JeJIbHO Z/IEKTPOHAMH HIM (POTOHAaMH, WJIH OOOMMH OJHOBPeMeHHO... 
ONeKTPOHHHIN Wy4OK, KaK OOBIMHO, Ob HAaNpaBJIeH BOb WLeJIM MOHHOTO UCTOU- 
HMKa, (POTOHHHIM My4OK Obl NepmeHAUKYJIApeH Wen. 

IIpu aBHO HeBbITOAHOM OOJYYeHHH MpocTpaHcTBa HOHH3alIlMOHHOM KaMeppr 
H€Pa3JIOXKCHHbIM CBETOM BOAOPOAHON JIaMMbl (paspxAHbIM TOK 2a, HallpaAxeHne 
1000 B) uepes oxonmrKko u3 LiF (mpo- 


= = = || spaunoe yo 1050 A) nonHDIi ToK 

i ie = iz = Ha kosuekTope Obl mnmopsAlKa 
12 SS *e 10-43—10714, a mp faBnenuu “c+ 
S cmeyemoro ra3a B HOHHOM UCTOY- 
S / 2 9 4 HuKe 10-* —5-1075 mm prt. cr. 
= Bpin HCCJIeQOBaHbI CJIeLy1o- 
. ule Tas000pa3sHbIe AMMHbI: aMMH- 
8 ak NHs, ruypasuH NH,—NH,, 
§ s OeH3sunamMuH C,H;—CH,—NHb», 
= anHusiuH C,H;—NHg. Tonyuenupie 

7 8 daa. 93 7 ae “Tp OOJIYYeHHH  MaccC-CeKTpBI 


9THX COCHHEHHHM mpecTaBJeHbI 
Ha pune. 1. B Hux OOHapyxuBaer- 
Puc. 1. Macc-cnekTpbl aMHHOB, NomyuenHble HOHU- CA TOJIbKO SJIEMCHTaApHanr (poTono- 
3altuelt cBeToM. / — ammuax, 2—rugpasuu, 3— yy3allua MOJIeKYJI 10 CxeMme: 


auHauH, 4 — 6eH3HIaMuH. 
AB+fy > ABt-+e. 


Maccoboe weno 


OTOT pesyJIbTaT NOATBeEPAMaeT Hae MpenomoweHHe, YTO B paGore (1) Ha- 
OuOaBMinecsH (POTOHOHH3aIMOHHbIe TOKH OBI MeHCTBUTeIbHO OOyCOBMeHBI 


* Marnur Opt mo6e3Ho mpegocrapaen mpod. H. HW. Monoppim, KoTopoMy Mp Bpipaxkaem, 
CBO rIyOoKy10 IIpH3HaTebHOCTh 3a Jpy2KecKy!0 MOMOMIb. 
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TOJIBKO S€MCHTAPHOH oTOMOHHSalNeH MOJeKYJ, HU 4TO, BO BCAKOM Calyuae, 
Mpowecchl HOHH3AaILHH C pacnayom THA 


AB+ Av > At++B- ua AB+hy +> At+B+e 


OblIH MaJIO BeposATHEI (MeHbINe “em 1% oT OCHOBHOrO mporecca). 

Ec oOy4aTb napbl aHWJIMHa MH OeHsHaMHHa He POTOHaMH, a 3/leKTpoHamu 
¢ sHeprvelH oKosIO 11,5 9B, To HaOmOfaioTca Oosee cMOM*KHbIC MACC-CTeKTpLI, 
OOyCJIOBJIeEHHbIe MpoueccaMH pacnaya MOJIeKYyJI Ha HOHBI. 

Orcioqa cnefyeT, YTO MpHMeHenne axe He MOHOXPOMATHYeCKOrO PoTOHHOTO 
myuka Ooslee NpHrOLHO MPH MpOUsBOACTBeE MAaCC-CNEKTPOMeTPHYCCKHX aHasH3OB. 


= 
LS 

Sa : 

8 g z 

S if S ~ 

S és : 

~~ x pail 

S S py to 

iS 8 = e 

2 "S) es 2 

R = = = 

x 2S =z esse 

s = S 

SSlgees lilies S 

a 
aN a be = 
Hal 16 30 32 16 Gi 105 107 
Maccoboe yucno Maccobae Yucno 

Puc. 2. Macc-cnextppr paw\uKaJloB Puce. 3. Macc-cnekTpb paqukaos 
Mp oTosuccommalun nox AeHcTBHeM MpH oToguccoumauna OeH3HJ- 
cBeta. / — amMuak, 2 — ruypa3Hn. aMHHa. 


CJIOMKHbIX OPraHHyeCKHX COCAHHEHHH UH UX CMeCeH, UCM IIPHMeHeEHHE 3JICKTPOH- 
HOrO mWyuKa. 

IIpumMeHeHve MOHOXpOMaTH4eCKOrO CBeTa, NOSBOJAIONErO ONpeeATh m0- 
TCHUHaJIbI HOHU3aILWH C TOUHOCTHIO 0,02—0,03 9B, JJacT BO3MOX%KHOCTb BeCTH 
AONOMHHTebHBIN aHadH3 NO noporam qboTOMOHH3allMH UM TaKHM OOpasomM HjleH- 
THPHUMPOBATb JlaxKe Pa3sJIMYHbIe H3OMeEPHI. 

IIpopeyqenHoe HaMH UCCIeloBaHHe MoTOAMCCOMMaLHH BIMOMHAOCb CuJe- 
Ayroulum oOpa3som. Cuauasa perucrpupoBasica mMacc-cnekTp nWapoB ucculeqye- 
MOPoO BeleCTBa IPH OOJbINOH JHEPrHH ZIEKTPOHOB O6e3 ONTHYeCKOrO BO3sOyxJe- 
HUA. SaTeM 9HEPrHA ZJIEKTPOHOB YMeHbIUaIaCb JO BeJIM4HHbI, KOra uCuesalu 
BCe NHKH, OOYCOBJICHHbIe pawuKaslaMu, WU BKIIOUaNOCh OONMyYeHHe BOMOPOAHO!i 
gamnon. IIpu stom B Macc-cneKTpe NOABJANHCh NHKH paluKaJloB, OOpasoBau- 
HbIX (OTOAMCCOMMAalMeH MOseKYJI C MOCMeAyIolWleH HOHH3aMMeH UX 3JIEKTPOHHBIM 
ynapom. Ha pune. 2, 3 mpeqcTaBeHbI COOTBETCTBYIOWIHe CNeEKTPbI, MO YYeHHbIe 
JIA MapOB aMMHakKa, THApa3suHa, aHuIMHa HU OeH3sHaMHHa. 

AmmMuak. Ha pue. 2 (cnextp /) BuyHbI ABa MuKa c maccamu 17 u 16, uTO 


oF e 
cooTBercTByeTt HoHamM NHz u NHz, cmenopaTenbuo, Hapaky c cboTononNsannen 
MOJIeKYJIbI HUET mpouecc ee dotosnccownalun mo cxeme 


NH, + iv ~ NHe +H. 


Tugpa3uu.B cayyae rugpasuna (puc. 2, cnekTp 2) HaOmoqaetca HHTeH- 
CHBHbIit NUK, COOTBeTCTBYIOMM pantukasy NHe—NH, u caa6pie nun, coorset- 
eTByomHe patukanam NH2 u NH2—N, uto cBujererperpyer 0 Oombiel BeposT- 
HOCTH OTPbIBa aTOMa BOMOPOMa, YEM PasBasla MOMeKYMbI NOMOAaM M10 Oosee 
cna6oi caasu N —N (?). 
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MoroquccouMaluA aMMuaka HW ruApa3snna paHee Oplla ucceqoBaHa B padoTe 
Heylimuna u Tepennua (*), re OblIO MOKa3aHO, YTO MMEIOT MCCTO IIPOILeCCbI 


NHs + 4, > NH,+H + NH, +H + Aq, 
NH, — NH, + fv, + NH, + NH, ~ NH + NH2 + fivg. 


Ilpu stom ormeyasocb, uTo *tyopectieHitva patukana NHe B cayyae rufpa- 
3HHa 3HaUHTeJIbHO Cyla6ee, YeM B CJLy¥ae AMMUMAKA, 4TO COrslacyeTca C MOJyueH- 
HBIMM B JaHHOl paOoTe Macc-cmeKTpaMu THupasuna. 

Beu3uaamuun. U3 puc. 3 BUAHO, ITO HMeeTCA HHTCHCMBHDIM NHK C Mac- 
CoBbIM uncom 106, coorBercTByroluit HMOoHY CsHs —CHz — NH’, o0pasopas- 
IeMyCaA, OYeBHAHO, UpH oTOoAUcCcoWMalHH MO Cxeme: 


CgHs os CH, === NH: -- hy > CeHs 7 CHs — NH a lial 


Kpome Toro, umerores Gostee cuaOble MHKH C Maccamu 16 u 91, KoToppie OOyCJIOB- 


JIeHb] HOHH30BaHHBIMH pasuKatama C,Hs —CHe u NHke, nomyansuumuca, 
OUeBUAHO, mpH cboTomH3e OeH3HIaMHHa TIO Cxeme: 


CsH; — CH, — NH» + hy — CgHs = CH + NHo. 


Auuanuu. IIpu uccneqopaHuu napoB aHuJiMHa (oTOMMCCOMMaNMU ero Ha 
KakHe-JIHOO pakuKaJbl He OblO0 OOHapyxKeHO. Hamu Onlin NpesMpHHATHI HeEOL- 
HOKpaTHble NOMbITKH 10 MmpHMepy padoTHl (”) MOJyYHTh CnekTp JlyopecteHuHH 
panukana NH; npu o6s1yueHHu napoB OeH3HaMHHa MW aHWJIMHa CBeETOM MOMIHOK 
BOJOPOAHOH Jammbl yYepe3s OKHO 43 LiF. OfHako Hamu He OblIO NOJyYeHO NOWIO- 
X%KHTCbHOrO pesyJbTaTa. OrcytTcTBue doTosMccolMalHn C BOsO0y2xKeHHeM ‘pa- 
qukana NHz MoxHO OObDACHHTb TEM, YTO OCH3O0JIbHOE KOJIbILO, HMeroulee OOJIb- 


IO UHCO KOMeOATeIbHbIX CTeMeHeH CBOOOJbI, OTCACbIBaeT H3ObITOUHY!O JHEp- 
rHi0, MOPJIOWLeHHYy!0 CBaA3bIO C — NHg, a Takxe AesaKTHUBUpyeT BO8OyXKTCHHYIO 
yactuny NHe. Tako orBok 2HepruH OCOOeCHHO 3HaUHTEIeH B CJIYYae MOJIEKYJIbI | 
aHWJIMHa, B KOTOpom rpynma NHe HenocpeycTBeHHO CoeHHeHa C OeH30JIbHbIM | 
KOJIbIIOM. Hastmune pagqukana NHe B macc-cnexTpe OeH3HaMHHa CBHJeTe/Ib- 
CTBY€T O MPOHCXOAAMLeM 3/\ecb OTpHIBe pawukasla NHe, uro cBa3aHO C Tem (bak- 
TOM, uTO rpynna CHe saBuneTCH, KaK H3BeCTHO, H30JIMpylouleH HU MpenAaATCTBye? | 
HemocpeACTBeHHOH Mepesaue sHepruu oT NHe uv cBa3u C — NHe B 6eH30mbHOe 
KOJIbIO. IIpH COOTBeETCTBYIOULEM MOLLHOM OOJIyYeHHH yaeTcaA B Napax GOeHsuu-- 
aMHHa HaOO,aTb NOABJeHHe BO3SOyxKLeHHOrO pawuKaa NHe no ero cmeKTpy 
(puryopecileHItuH. 

Kpome Toro, ,aHHaad TOUKa 3peHHA XOPOLIO CorsacyeTCA C MaJIbIM KBaHTO-> 
BbIM BbIXOJOM (POTOHOHH3aHH BOJIM3H NOpora Ait STHX MOseKyA (3—5%) m0) 
CpaBHeHHIO C MOJIeKYJaMH Apyrux coequnenni (30—50%). 


@Mus3uueckHi MHCTHTYT Tloerymusio 
JlenuurpaycKoro rocyfapcrBeHHoro yHuBepcutera 30 V 1958 | 
um. A. A. )KnaHoBa 


UMTHMPOBAHHAS JIATEPATYPA 
1®%.UW.Bunecos,A.H.Tepeuun, JAH, 115, 41957). 20.T.Heyiimun, 
Si Acele | 


A.H.Tepeuuu, U3s. AH CCCP, OMEH, cep. cus., Ne 4,529 (1936). 
SueprusA AUCCOUMALHH MW CMeKTpbl AByaTOMHBIX MoJeKya, VI, 1949. 
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Hokaane Akayemun nayr CCCP 
1958. Tom 122, Ni 1 


PHSHYIECKAAH XHMH A 


Akayemuk B, A. KAPPHH, H. ®. BAKEEB u X. BEPTHH 


O BOSHHKHOBEHWM TEOMETPHYECKM YNOPAROUEHHbIX 
CTPYKTYP B AMOP®HbIX NOJIMMEPAX 


Ha OCHOBaHMM SKCIepUMeHTAJIbHBIX aHHbIX, MOJYYCHHEIX B MocwelHee Bpe- 
MA Pa3JIMUHbIMM aBTOpaMH, ObIIO CAeaHO MpefMoO*KeHHe O TOM, YTO CyMeCTBY- 
fOULHe MpeACTaBJIeHHA O CTPyKType aMOPdHbIX MOJMMePOB B BHA XaoTHyecKH 
MepenyTaHHbIX ,A3OrHyTbIX ene He COOTBETCTBYIOT PeasIbHO CTpyKType amopcp- 
HbIX MOMMepos. B. A. Kaprun, A. MW. Kuraiiroponcxui u [. JI. Cnonumexuii 
(’) CuHTaioT, YTO MOJIeKYAPHOe pacnowloxenne Ierel B aMOp(PHIX MOHMepax 
MOXKET ObITb MOCTPOeHO, KaK MpaBHJIO, M60 M3 PasBeEPHYTHIX Ieneli, COOpaHHbIXx 
B MauKH, JIMOO H3 CBEpHYTHIX Ha CeOA r0Oym. OcobeHHOCTH (usHueCKUX HW Mexa- 
HMYECKUX CBOHCTB AMOPHBIX MOJIMMePOB MOFyT ObITb JeErKO OObACHEHbI, HCXOLA 
43 TaKOH MOJeIH. 

CyilecTBOBaHHe MOJIEKYJIAPHBIX MaveK, OOPa30BaHHbIX MapaJVJIeJIbHbIM CO- 
CJMHCHHEM Pa3BePHYTHIX Wenen, LIA AMOPCHbIX NOJIMMePOB ObIIO MOKa3aHO Ha 
NpHMepe NOMHaAKPHJIOBOM KUCJIOTHI HW ee COJIeH B padore (7). 

B HactosmelH padote Oplvio MpeAMpHHATO 3JIeEKTPOHHOMHK POCKOMMYeCKOe UC- 
CJIEMOBAHHe CTPYKTYPbI HEKOTOPbIX AMOPCPHHIX NOJIMMePOB, OOMALaoOulnx pasJiM4y- 
HBIM CTPOCHHeM MOJIeK YJAPHbIX Lene. B kayecTBe OObeEKTOB ObIIH H3Y4eHbI! MOVIN- 
MEPbI MbILIbaAKa (CaIbBapcaH), MOJMakKpHJIaMU], HM CONOJIMMep Ha OCHOBe MeTWI- 
MeTakpuslaTa HW MeTaKpHJIOBOH KucOTH. TakimM OOpa3oM, OblJIM WCCJIeOBaHbl 
NOJIMMepbl, COMep2xKalllHe PasJIMUHble NOJAPHbIe PPYMMbl B Wenn U, CleOBaTeuIb- 
HO, OOJlalaioulve Pa3sIMUHbIMH BHYTPH- HW Me*KMOJICKYJIAPHbIMH CHJIAaMM B3aHMO- 
JICHCTBHA. 

OG6pa3itbl WIA UCCIeEMOBAaHUA TOTOBUJIMCb HAHeCeHHeM pacTBOpa NOUMepa Ha 
IWICHK y-MOMNO*KKYy C MOCeLYIOUNLMM MCMapeHuem pacTBopuTeisn. Konmentrpalnu 
pacTBopos Opauucb B mpegemax ot 0,01 qo 0,0001 % . MecneqoBanua NMpoBoAHJuCb 
MpH MpaAMOM 9JleKTpoHHOonTHYecKoM yseruyenuM 18 000—20 000 x. 

ONKTPOHHOMUK POCKONMMYueCKHe HCCeAOBAHUA NOKAasaM, YTO CasbBapcan, 
NOMMakpHsaMU H COMOMMMep Ha OCHOBe MeTHJIMeTaKpuJaTa H Me€TaKPHJIOBOH 
KUCJIOTHI OOPasYIOT B PasOaBJIEHHbIX PaCTBOpaXx OTAeJIbHbIe BTOPHUHb|e arperarhl 
B BHC YNOMAHYTHIX BbILIe MOJeKYJIAPHbIX MaveK pas/IMYHOFO pasmepa U PopMbt. 
ONEKTPOHHbIE MUKpOoTorpapuH TaKMX MayeK IMpe\CTaBJICHbl COOTBETCTBCH- 
HO Ha puc. la, 2a u 3a. 

Jlna canbBapcana HU NOuIMaKpHaMua MbI HaOuIOLaemM OOpas0BaHHe reoMerpu- 
YeECKH IIPABHJIbHbIX CTPYKTYP B BUe MPAMOJIMHCHHO OF PaHeHHbIX MOJICK YJIAPHBIX 
mauek. 3ameuaTeibHa BHeIUHe WpaBuJIbHad opMa TaKUX Hayek. Pasmepbl UX 
OOYCJIOBJICHbI, ECTECTBEHHO, BCIMYHHOM MOJeKYMAPHOTO Beca HM CHJIAaMH M€?KMO- 
fekyAtpHoro BsanMojelicraua. J[iat CambBapcaHa, Ha OCHOBAHHM MOMePeuHbIXx 
DaSMCPOB MOVICKYJIAPHBIX NWaveK, paSMePOB OTAEJIbHBIX Weel H pacCTOAHHA MCAS 
ly HUMU(B MpeAnoOXKeHU HaMOouee MOTHOM yMaKOBKH), MbI MOJTy4aem, TO OHA 
nauKka cocrour v3 10—50 mMomeKyApHbIX WeneH. OLHakO, YUMTbIBAA TO ocTos- 
TEJIbCTBO, ITO MbI HCXOJUM 3 MIOCKOCTHOrO H300paxeHUA, UM YTO Mauka OOVIA- 
JaeT, eCTeCTBEHHO, OObEMHLIMM PasMepaMH, MBI MOXKEM MPeANOMOAUTb, HO KPaH- 
Heli Mepe, KBaflpaTMuHOe 3HAVeHHe YMCA WeneH BHYTPH MayuKH. 

Tlonyuenupie anuble NOKasbiBaloT, UTO NauKa, COCTABMCHH aA U3 MapaesIbHO 
DACTIOMIONKCHHIX MOUICKYMAPHIX eMelt, COXPAHAeT PHOKOCTH, MPUCYULyI0 OTACIIb- 
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HOli H30JMpOBaHHOH erm. OG sToM cBuseTeMbCTByeT TOT PakT, UTO Nauka Ha 
HEKOTOPOM PaCCTOAHHH TepxeT MPAMOJIMHEHHOCTh B HallpaBJeHHH, NpeTepme- 
Bas COriaCOBaHHblli NOBOPOT Ha ONpeeeHHbIM yrON. OTH MOBOPOThI OCyuLeCT-; 
BJIAIOTCA He TYTeM MocTemeHHOrO, NaBHOrO u3rMOa MayKH, a HOCAT CKOpee? 
«IuapHUpHbiliy XapakTep. BosHHKHOBeHHe TaKMX MOBOPOTOB MO?KHO TIpeACTaBUTh, 
ce6e TOJIbKO Kak Pe3yJIbTAT BbICOKOM YNOpAMOYeHHOCTH B PacMOJOAKCHHA MOJIEKY-- 
JIAPHbIX Wenel. JleicrBuTeMbHO, Mpolecc ynopsAAOUeHHA Wee Oy eT MPHBOUTS ) 
K BOSHHKHOBCHHIO HallpaAxKeHHH BHYTPH MauKH 3a CueT TeNJIOBOrO JBY2KeHHA| 
OTAebHbIX MakpoMosekyul. B pesyuibTaTe B Nauke OyAyT HakalluBaTbcA Hamipa-- 
*KeHUA, KOTOPbIe HM IIPHBeLYT K COraCOBaHHOMY MOBOpOTY ee Ha OlpeeJleHHbIM | 
yrou’ MO MpHHuWANy BCA Cpasy. 

Heo6xouMo OTMCTHTb, YTO OCYMECTBUIA€MbIC B Pe3YJIbTaTe BOSHUKHOBCHHA| 
BHYTPCHHHX HaNpsXKeHHA MOBOPOTH! Navek Ha ONpeMevieHHble yruibl MOryT ObiTb) 
TIPHUMHOH OOpas0BaHHuA TeOMeETPHYECKM MPaBHJIbHbIX CTPyKTyP B AMOP(PHEIX | 
NOJUMepax. STO UMEET MECTO JIA H3YYCHHOFO HAM COMOHMepa Ha OCHOBE METHJI-; 
MeTaKplulaTa HM MeTaKpHsoBol KuCOTHI. B cnyuae sTOrO ComosMMepa MbI HaGuO-} 
ylaem OOpa3s0BaHHe FeEOMeETPHYECKH NPaBHJIbHbIX MHOFOrPpaHHHMKOB 3a CueT MOBO-} 
poTOB MOvIeKyAPHbIX mauex. MoxHO yMaTb, YTO YKa3aHHbIi M€XaHU3M AB-; 
JIACTCA MPHYMHOM OOpas0BaHHA MpaBHJIbHbIX CTPyKTYP B AMOP@HbIX NOMMepax, 
HaOJIOMaeMbIX TakKe UM [VIA CHOMOrMYeCKHX CHCTeM. 

Ha puc. 16, 26 u 36 npuBelenbl! MuKpodoTorpaduu MCCMeMOBaHHbIX NOIH-} 
MeEPOB, MOJIYYCHHbIC H3 KOHUCHTPHPOBaHHbIX pacTBOpoOB. PasBepHyTbIe BTOPH4- 
Hbl€ CTPYKTYPbI, 9JIEMCHTAMM KOTOPbIX ABJIAIOTCA MOJIEKYJIAPHbIE MayKH, CBH- 
JICTEJIbCTBYIOT O TOM, UTO MauKa COXPaHACT CBOIO HHAMBUAYaIbHOCTh B AOCTaTOU- 
HO BbICOKHX KOHILCHTpalluAx, Te HMe€eT MECTO Me*KMayeuHOe B3AHMOJEHCTBHE. 

TakuM o6pa30M, OblvlI0 MOKa3aHO, YTO B CJIYYae HCCMEMOBAHHbIX AMOPCHbIX 
MOJIMMePOB HMe€eT MECTO YNOPAMOVCHHOe PaCMOJIORKeHHE MOJIEKYJIAPHBIX Weel, 
NpHBosamee K OOPas0BaHuO NPAMOJIMHeHHbIX nayek. Ha Beicoky1o ynopsouen- 
HOCTb leneH B MaukaxX HeMOCpeACTBeEHHO yKa3bIBaeT HW HaJIMUne COraCOBaHHbIx 
MOBOPOTOB CaMHX NaveK, KOTOPbIl€ HOCAT «lapHHPHbI» xapaxtep. Ha npumepe 
CONOJIMMepa Ha OCHOBEe METHJIMeTaKPHaTa MW MeTaKPHJOBOH KHCJOTHI OblJa M0- 
Ka3aHaA BO3MO}KHOCTh OOpa30BaHHA TeOMeCTPHYCCKH MPaBHJIbHbIX CTPYKTYP B 
AMOPQHBIX NOJHMepax 3a CUET PeryJIAPHbIX MOBOPOTOB nauek. 

Takum OOpa3oM, OblIO NOATBepKLeHO ChopMysIMpOBaHHOe paHee Mpenouo- 
XKCHHE O TOM, YTO CTPYKTYPY AMOPCHbIX NOJMMePOB CyIeyeT paCCMaTPUBATb Kak 
CHCTeEMY YIOPAMOUCHHbIX MOJIEKYJIAPHbIX TaveK,. | 

ABTOPbI MOJIb3YIOTCH BO3MOXKHOCTbIO BbIPasHTbh OslaroxapHoctTs npod. 
M. Sl. Kpacry u ero corpyqHuKaM 3a s06e3HO mpeocTaBJeHHbIli MMH CaJib- 
Bapcau. | 


Mockoxsckuh rocyapcTBeHHbIM yHHBepcuTer Ilocrynusto 
um. M. B. JlomoHocopa 7 VII 1958 


HMMTHPOBAHHAS JIMTEPATYPA 


SEAR Kea nh 
mypH. 19, 131 (1957). 2 


uu, A.W. Kutatropogackuih, B. J. Cnounumexnuit, Kona... 
B.A.Kapruu,H. ®.Baxkees, Koma. xypu., 19, 133 (1957).\, 
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a 6 
Pune. 2. Ilonuaxpunamuy. a —.30 000 X ; 6 — 503000 x 


Puc. 3. ComouuMep Ha OcHOBe MeTaJIMeTaKpuJlaTa U MeTaKPHJIOBOH KUCJIOTHIe 
a — 60 000 X ; 6 — 40000 X 


(a ee 


TAH, tT. 122, Ne 1, Kaprun, Bakees, Bepruu 


y 


Jornann Akayemun HaykK CCCP be 
1958. Tom 122, Ne 1 


PU3HYECKAS XHMHA 


r. H. KAPILEB, uaen-Koppecnongent AH CCCP A. K. CbIPKHH, B. &, MUPOHOB 
uv E, A. YEPHBIUIEB oe 


AMNOJIbBHBIE MOMEHTbI HEKOTOPbIX K PEMHMHMOPr AHHYECKMX 
COEJMHEHUMK 


Hamu M3MepeHbl JHMOJIbHBIC MOMEHTHI PAA KpeMHHMOpraHMyecKuX: coeqH- 
HeHHH TeTepOAHHHbIM MeTOZOM pH 25° B OeH30Ne. OKcTpanomupoBaHHble 
NOMAPH3alHH BbIMMCeHbI 10 Popmye Tenecrpannza. B cayuae coequnennii, 
coep2kaulux KPeMHHM, HEOOXOAMMO YYeCTb aTOMHYIO MOMApH3alnto, HOO. mpe- 
HeOpexkeHHe STOH BeJIMYHHOM MOKET BHECTH OWIMOKY B 3HAYeHHe JMNOMbHOTO 
MomeHTa. B page paOoT aTOMHad NMOJAPH3alNA MPMHUMaaCb paBHoli: 5% oT 
SJIEKTPOHHOH M00 COBCeM He YUMTbIBaslacb. M3BecTHbIe aTOMHbIe NOsMApU3a- 
WWMM pAfa BeuectB (SiCl, 5,3 ('); Si,H, 4; SiH, 2; SiF, 5,4 (®);(CH3);SiCH.CH, - 
C,H, 6,5; (CHs)s3SiCH,CH,C,H,NO2 10; (CH;)3Si — O— Si(CH3), 7,9 cm? (8). 
NOKA3bIBaIOT, UTO 9TH BEJIMYMHbI JOJKHbI YYHTbHIBATLCA MPH pacueTe AMMOJIbHBIX. 
mMomeHTOB. B cayuae SiH, u SiCl, aromHas nomapusatua cocrassser 16 1 18% 
OT duleKTpoHHOH. Mpl u3smepHuiM TemmepaTypHyto 3aBHCHMOCTb Obuleli, NOMApH- 
gaunu (CH;);SiCH.CH.C,H,NO, (-mapa) B npegenax oT 280,5 no 333° K.u wa-, 
WIM, YTO OOULaA NOJAPH3alHA YOBMETBOPHTeIbHO MepeaeTca ypaBHeHHeM’ 


Pocal= 77 X26 950) Ts rin) 


Orcioqa, no ypaBHeHuto J[eOan, aTOMHaA NOJAPU3alNA MPHOMH3UTeEbHO PaBHa, 
10 cm’, uTo cocTaBsiaeT B WaHHOM Calyuae 15% oT Pz,. B cBa3H C 3THM MBI OLle- 
HWM 3HaueHHe P., MH BHECIM COOTBETCTBYIOUHe NOmpaBKH Mpu onpekenenuu 
JMNOJIbHbIX MOMeHTOB. Jlin P., HCHOb30BaHbI pedpakUHH JIA 2%KeJTOH JIMHUM 
HaTpHA 6e3 9KCTpanoAWHH K OeCKOHEYHBIM JJIMHaM BOVJIH, YTOObI B. HSBeCTHOM 
Mepe CKOMM€HCHPOBaTb 3aHW2KCHHbIC 3HAYCHHA ATOMHOM NOJApPHsallun. 

TlomyyeHHble OMbITHBIe JaHHbile MpHBezeHb! B TAO. 1. 

OrJIHUNTeIbHOM OCOOeCHHOCTbIO COCAMHEHHH KPeCMHHA ABJIAeTCA MOBBILICH- 
Had MOJAPHOCTb MO CpaBHeHHO C COOTBETCTBYIONIMMH CBASAMH JA yruepona. 
Tlo umerouluMCA JaHHbIM MO2KHO OLCHUTb MOMeHT CBA3H Si —HB1D,aSi —C 
B 0,6 D (*). B o60nx cayuanxX NOMOKHTeMbHDIN KOHEL AMNMOA HanpaBJeH K 
Kpemunio. B cpasax Si —O, Si — Hal Bec uonnoro cocrosnua Oombue. OeK- 
TPONOJIOXKUTEMbHOCTh KP€CMHUA ABCTBYeT HM M3 TOTO, YTO eFO NOTeHIWMa/ HOHH- 
3allMH 3HAUHTeIbHO MeHbUIe, YeM y yrviepoga (186 Kkaa u 258 KKas CooTBeT- 
cTBeHHO). J[pyroH OCO6eHHOCTbIO KPeCMHHA ABJIACTCA TO, YTO, B OTAMUHE OT 
yruiepowa, y KOTOporo BHeWHHe 9dWIeKTpOHbI 2s? 2p? HaXOAATCA B OOONOUKE, 
rye d-opOuT HeT, Y KpeMHHA B OOOMOUKE NepHpepHyeCKHX S/JI€KTPOHOB 3s? 3p? 
ecTb mycrpie d-op6uTbl. YkarKeM, YTO MO pa3HbIM JaHHbIM CPOACTBO aTOMa KpeM- 
HHA K QJIeKTPOHY OleHHBaeTca B 62-+11 kkan. Takum o0pa3om, Hapsy C N0- 
AApHEIMH cBasimu Sit — X~, KpeMHHIO MpHCylle H COCTOAHHe C OOpaTHbIM Ha- 
lipaBseHuem momenta. C strum coraacyetca tor daxt, uTo N(SiHs)3 apanercs 
ropa3yo Oosee claObIM OCHOBaHHeM, YeM N(CH,)3. Kpome Toro, eCTb aHHbIe, 
yka3piBaroue Ha TO, uTO B N(SiH3)3 aTOM a30Ta HW TpH OKPY2KalOulMX ero aTOMa 
KPCMHHA HaXOMATCA B OMHOM MIOCKOCTH, Kak B TeX ClyYaAX, KOra WeHTpadb- 
Hblii aTOM JlaeT 3 o-cBaA3u (Sp?) H OHY T-CBASb. 

Cnenyer OO6paTuTb BHHMaHHe Ha TO, YTO Pa3HOCTb MOMCHTOB CH,SiCl, u 
HSiCl, cocrapaer 0,97D, Mexy TeM Kak Ppa3HOCTb CH;CCl,; u HCCI, paBua 
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ToubKO 0,35 D. Ormerum, YTO pasHHlla Mex*KY MOMCHTaMH (CHs)2SiCle u HeSiCle 
papua 0,7 D. Sto caa3aHo C OOJIbIIMM 3Ha4eHHeM MOMeHTA Si —H. IIpu ne- 
pexojle K Cilemyioulemy 9uIeMeHTY “eTBepTOH Ppynmbl — PepMaHHIO NOMAPHOCTD, 
ecrecTBeHHO, pacret. Ilo Hammam JaHHbim, MoMeHT CH3GeCls papen 2,63 D, 
MexkKy Tem Kak Moment CH,SiCl, papen 1,87 D, a CH;CCl, 1,57 D. CpaByenne 
momeuta (CH;),SiCH = CHC! (1,71 D) c momentom Bunuixsopuga (1,44 D) 
HOKa3bIBaeT, YTO B MepBOM COCAMHeHHM MOMeHT CBaA3H C —Cl OuMxKe K CBOeMy 
HOpMa/IbHoMy 3HayeHMio. B BuHHAXNOpuse ConpaAxenue xOpa C rpynmolt CH,, 
CnocoOHOH CMeCTHTb K CeOe 3IeEKTPOH, CHHxKaeT MOMeHT cBA38H CT —CI. 
B (CH;);SiCH = CHe yraepoa rpynnpr CH, ye yacTH4HO 3apsxKeH OTPHLLaTesb- 
Ho 3a cuet cB13M Si‘ —C .Hecxobko noHW2KeHHOe 3HayeHHe MOMeHTa y (CHs3);- 
SiCH = CCl, (1,64 D) o6ycnoBneHo HamM4uMeM ZBYX aTOMOB XJOpa pH OJHOM 
yruepoe. Coenunenue Cl,SiCH = CHCl, Beposrno, aABsIAeTCA CMeCbIO IMC- U 
TPaHC-H3OMepoB, C MpeoOaqaHHemM TpaHC-PopMbl, MOCKO/IbKYy AA WuC-coesqHn- 
HeHHA MOXKHO OXKUMaTb MOMeHTa OKOMO 2,3 D, aaa TpaHc-cbopMbr — mpumep- 
Ho 0,3 D. Bonburoe pasmuuue HaOmomaerca B MOMeHTax Cl,SiCH Cl (1,61 D), 
u Cl,SiCHCICH, (2,30 D), xora BekTOpHO MOMeCHTHI JOJOKHDI ObITh OAMHAKOBBI. 
3amena cpa3sH C —H Ha C —CHs; B kpeMHuHopraHMuecKHx CO2,4HeHHAX 
OKa3bIBaer YacTO OO/IbUIOe BJIMAHMe Ha MOMeHT. J[eHcTBUTeIbHO,MOMeuT (CH,),- 
SiCl, paper 1,88 D, B To Bpema kak Moment (CH;)(C,H;)SiCl, cocrapaser 2,31 D, 


SPSSicH,cl, "'Seicnicic,, “PS sicu,ch,c 

CH,’ CH; CH; 

7. e. Ha 0,43 D Gombe. Mexay TeM HB 3TOM Culy4ae, Ka3aJ1OCb ObI, 3aMeHa CBA3H 
C —H ua C —CHs ne JomKHa CKasaTbCA Ha pesyJIbTHpyroujem BekTOope. V3 
Tpex COC(AMHEHHH HavOOJbUIMH MOMeHT HaOylogaerca y nocneqHero, re xsop 
Haxoqurca B B-nomoxeHHH. MoxuHo nowlaraTb, 4TO B Wenu cBasei Si —CH, — 
—CH, —Cl nposapaserca anbrepHupyloulad mouapHocrTs (°). Ecau 9To Tax, TO 
YeETHOCTb HJIM HeYeETHOCTh YHCJIa 3BCHbeB MOKET CKa3aTbCA Ha peaKI[HOHHOM 
cnoco6uocTu. JleiicrBuTeibHO, 3aMeCTHTeIM B B-MOMOXMKeHMH CHJIbHO BuMAIOT 
Ha KHHETHKY.OTOT «CHJIMKOHOBbIM» 3pPeKT XOPOUIO H3BeCTeH B XHMHM KPeMHUHOp- 
raHMyeckux coequHeHHl. Tax, B-arom xsopa B Cl;SiCH,CH,Cl moxuo rurpo- 
BaTb 0,5 N Boguoit ujemoupio. Mp hyMaeM, 4TO aJIbTepHUP ytolllad MOJAPHOCTD, 
CKa3bIBalollaaca Ha JMMOJIbHOM MOMCHTe, IIPOABJIAeTCH B KHMHETUKE peaKIHH, 
KOTOPad Mer Yepes NMATHUICHHDIA WAKJIMYCCKMM KOMIIIEKC (C LIeCTbIO 37eKTPO- 
HaMH B TOJle MATH Aep). 


CH=CH, 
>i, Cl—= S>si(OH) + C,H, + CP 


OH 


B cayyae HeyerHoro yucma MeTHJeHOBBIX Tpynm peakilua user B Oomee xKe- 
CTKUX YCJIOBHAX. 

Hi3 momenta (CH;).Si(CH, —CH = CH,),, pasnoro 0,54 D, caenyer, uro 
MOMeHT rpynnst Si —CH, —CH = CH, umeer penuunny oxoso 0,65 D sau6o 
3a CYT aIbTCPHHPYIOULEH MOMAPHOCTH, HOO 3a CUeT CMEIILCHHA 2JICKTPOHOB 
K rpynne CHez npn 2BoHO cBaa3H. ConocTaBseHve 3TUX JaHHbIx C noUTH HywJle- 
BbIM MoMeHTOM (C,H;)sSiCH, —CH = CH, yka3bipaer Ha yBeMuenve nonap- 
HOCTH MIpW mepexoxe oT rpynny Si —CH, x Si —C2H;. HB stom cmyyae npo- 
ABMACTCH CHeLUPUKA KPCMHUMOpraHwMyecKUX CoeMHeHHH, a HMeCHHO — u3Me- 
HeHHe CBOHCTB MpM mepexoye OT OAHOTO K ABYM 3BeHbAM B yreBoxopoyHolt 
wenn. Cpapuenue Cl,;SiCH,CH,Cl u Cl,SiCH,CHCl, noka3ppaer, uTo Hannay 
ABYX ATOMOB XJlOpa MPH OAHOM yrepose BHIsbIBAeT YMeHbIIeHHe MOMeHTa 4© 
0,16 D, mpapga, menbiee, uem B cmyyae CH;Cl u CHeCle. U3 coennueny@ 
CH,SiCl, moxua@ ouenuTs Moment rpynnpt SiCl, B 2,07 D; v3 momenta HSichk 4 


B 1,90 D. Us (CH,),SiCl, Momeut rpynner SiCl, moxHo ouenutTs B 2,11 D. Co. 
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emuHeHue Cl,SiCH2Cl umeer moment 1,61 D. Mexyy Tem BeKTOpHas cymma 
MOMEHTOB Cl,Si 2,07 D; C — Si 0,6 D: C —Cl 1,46 D,C —H0,4 D npusogznr 
K pesyJIbTHPylouleMy MoMeHTY 2,26 D . Ykaxkem, uTo coeannenne ClsSiCHCICHs 
€ TOW 2K€ BEKTOPHOH CyMMOH MMeeT MomeHT 2,3 D, 7. ec. oueHb 6M3KUli K pac- 
cuuTaHHomy. Hecosnayenue B cayyae ClsSiCHeCl zomKHO OnITh TIpeAMeTOM 
JONOMHHTeIbHOrO UCCIeLOBaHUS. 


Ta6Oauna 4 
nim Aa Ain aa Oana 
Wiel SiChG! 93,8] 34,5] 5,0]. 4,64 
2 | ClsSiCH,CH,Cl 91,4/ 38,5] 5.4 | 4.54 
3 | ClsSiCH,CH,CH,CI 199.4 | 2337158 1 a og 
4) Che 

NSiCH,CI 1092] 34,2 1 1,82 
CENA 
5} Chay 
»SiCH2CH3C! GB lec, Dal ee eal ae OO 
Gp erClage 
NSiCHCICH, 118,5| 38,7 |: 5,8 | 4,87 
Hy 
7 | ClsSiCH=CHCI 60,1] 38,4] 5,5} 0,88 
8 | (CHs)sSiCH=CHCI 106,4/ 39,4] 6,0] 1.74 
9: | (CH,),SiCH=CCly 108,0] 44,0} 8,0] 4.64 
10 | (CHa)gSiCH=CH, 38 ,6| 34,6 | 4,0 
11 | (1sSiCH,CHCl, 89,1] 43,4} 7,5 | 1,35 
12 | ClsSiCHCICH, 154,1] 38,6 | 5,2} 2.30 
13 | ClsSiCHsCHCICH 138,7| 43,2 | 5,31 2,08 
14 | CHy 
sich. 149,9| 34,4 | 5,0] 2,34 
oH,” 
15 | CHgSiCls 106,2) 29,1 | 4,5 | 4,87 
16 | (CHs)2SiCle 108,5| 29,6 | 4,5] 4,89 
47 | CHsGeCls 183,21 31,71 8,0 |-2.63 
18 | (CHg)2Si(CH,CH=CH)» 58,3| 47,2 | 5.0] 0,54 
19 | (CoHs)sSiCH2CH=CH, 59,61 53,01 5,0 |n0,2 
20 | (CHa)sSiCHoCeHs 66,91 54,7] 5,9] 0.55 
21 | (CHg)sSiCH2,CH2CeHs 65,5| 59,3 | 6,0] 0 
De, CHs, H 
S SiZ 66,0| 54,5 | 5,0 | 0,55 
GHC eh Cr 
23 | ClgSiCsHs 155,0| 48,9] 4,8] 2,21 
24 | ClaSiCHeCeHs 125,5| 54,5 | 4,9] 1,78 
25 | ClgSiCH»CH2CsHs 131,5| 58,1 | 5,0] 41,84 
26 | CleSiCHsCgH4Br (-napa) 136,01 60,9] 5,5] 41,83 
27 | (CHg)3SiCH2CsHaNO» (-opto) 343,2) 60,8 | 10 3,62 
28 | (CHy)gSiCH2CHsCsH4NOz (-opro) | 349,3] 65,4 | 10 3,63 
29 | (CHg)gSiCH2CsHaNOz (-napa) 563,5} 62,4 | 40 4,36 
30 | (CHs)sSiCHCHaCeHyNOz (-napa) | 504,3) 67,0 | 10 | 4,53 
31 | (CoH5)sSiCsHaBr_ (-napa) 143,3|:71 4 C0 24, 17 
32 | (CoHs)3SiCHaCgHaBr (-napa) 173,1|-76,01-7,4 | 2,08 
33 | (CoH;)3SiCH2CH»CsH4Br (-napa) | 162,3| 80,6 | 7,21 1,89 


BylarofapxA BO3MOXHOCTH yYaCTHA B CBASAX CBOOOMHBIX 3d-opOuT KpeMHHA 
MOFyT OCYILCCTBIATHCA COCTOAHHA Si C MATbIO CBASAMM. ITO OOCTOATEMbCTBO 
Wrpaet HEKOTOPYIO POJlb B APOMATHUCCKHX MPOH3BOAHbIX, HAaMPHMeP, B CBA3HX 
KPCMHHA C OCH30JIbHbIM KOJIbILOM. 13 3HayeHHA MOMeHTa (CH3);Si1C, Hz 0,42 D 
MO2KHO OILCHHTb MOMeHT rpynmbl Si — C,H, B 0,62 D. M3 coequHeHua (CH3).Si- 
(CHe —CH = CHe) » = 0,54 D u momenta rpynnpi Si-anaua, papxoro 0,65 D, 


CH3 H 


MOXKHO BbIYHCJINTb MOMCHT Si B XOPOLIe€M COPJIaCHH C ONbITOM. 


yes 
CHe =:( -H (el CeHs 


Moment coennnenuan (CHs)sSiCH2CHeC,Hs,BepoxTHo, OM30K K HyJIO, TaK Kak 
104 


OOULad NOAPH3alHA BMHTepBase Temnepatyp 288 —318° K ocraerca mocrosxHHOM 
Moment ClsSiC,Hs pe3ko orsuuaercaA OT a MTHBHOTO 3Ha4eHHA MOMCHTOB SiGk 
(2,07) u Si— C,».9TOCBA3aHO, 10-BAJMMOMY ,C OTTATMBAHHeM 9JICKTPOHOB K ATOMaM 
XOpa Yepes KOJIbILO H YePe3 ATOM KPCMHHA, a Tak2Ke C OTMCYCHHOH BBILe CNO- 
COOHOCTbIO ATOMA KPCMHHA 3apAxKATbCA OTPHMATe/IbHO 3a CueT MyCTOM OPONTHI. 
STO yKa3biBaeT Ha HeEMOCTATOUHOCTh OWCHKH MOJAPHOCTeH CBA3eH TOJIbKO M0 
aleKTpooTpulaTebHocTaM. B 3aBHCHMOCTH OT BaJICHTHbIX COCTOAHHM OJMH U 
TOT 2K ATOM B Pa3HbIX CBA3AX MOKET ObITb KAK MOJIOXKUTCIIbHbIM, TaK HU OTPH- 
TaleJIbHbIM KOHIIOM Aunousa. [Ip nepexoge or Cl,SiC,H; x Cl;SiCH.C,H; wenb 
CONPAXKeHUA HapyliaeTCA H MOMeHT OMKe K AXAMTHBHOMY 3Hay¥eHH1O. TO *e 
oTHOcHTCa H K MomMeHTYy CI,SiCH,CH,C,H;. Y aByx coequHeHui, cowepKalllux 
HUTporpynny B OpTonosoxenuu (27 u 28, Tan. 1), MOMeHTbI OMHAKOBbI. OTme- 
THM, 4TO OPTO-HUTPOTOMYyoON Hu OpTO-(CH;),SiC,H,NO, umerwr OAMHaKOBbIe MO- 
mentn! (3,66 u 3,67 D). Onnirupie MOMeHTHI Napa-OpommpousBosHbIx (C,H;)3- 
SiC,H,Br, (C3H;)sSiCH;G,H,Briu (C,H,);5iCH,CH.G,H;Br* Oopuie »paccan- 
TAaHHbIX MO BEKTOPHbIM CyMMaM. Bo3MOxKHO, YTO IPH 9TOM CKa3bIBaeTCA MH]LYK- 
THBHOe€ BJIMAHHe MOMeHTOB cBA3eH Si* —C,, u Ge —Br. 


Mockosckuit HHCTHTYT TOHKOM XMMH4eCKOM TeXHOJIOrHH Tloerynuso 
um. M. B. Jlomonocosa 15 V 1958 


UMTHPOBAHHAS JIATEPATYPA 
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PHSHIECKAAH XHMHA 
H. A. KJIEMMEHOB u A. B. HAJIBAH]SH 


K BONPOCY O POJIM O30HA B HHHILMUPOBAHHM PEAKIMM 
OKHCJIEHHA HACbILEHHbIX FA3O0O0BPA3HbIX YI JIEBOJOPOOB 


(ITpedcmaeaeno axademuxom B. H. Kondpambeeoim 24 IV 1958) 


O30H, KaK HM MHOrHe Apyrue akTHBHbIe MpuMecu, Oy yuu WOOaBeH B HeOOVIb- 
IMX KOJIMYeCCTBAX K YIIeBOOPOA-KUCJIOPOAHbIM CMCCAM, 3HAYMTeJIbHO MOHHKaeT 
Temiepatypy peakuun. B suTepaType HMeIOTCA MPOTHBOPeUHBbIe CBEACHHA O Me- 
XaHU3Me BO3SencTBuA O30Ha. Muorue uccemoBaTemu cunTatot (!~*), uro oKuCue- 
HH€ HACbIINeCHHbIX YIIeBOLOpONOB B MpPHMCyTCTBHH O30HA CBA3aHO C HeNocper- 
CTBEHHOHM peakIHel MOJIeKyJIbI O30HA C FropiouuM. OAHaKO B NOCIeMHHe FObI Mm0- 
ABUJIMCb padorel (°,°),B KOTOPbIX Ha MIpHMepe OKHCCHHA OKHCH yrvlepofla ycTa- 
HOBJICHO, UTO HH3SKOTeEMMepaTYPHble OKUCIUTEJIbHbIe MPOWeCCbl B MpHCyTCTBHH 
030Ha CBA3aHbI C HHHIMHPOBaHHeM ATOMAPHbIM KHCJIOPOLOM, OOpasytOu,HMcA 
pH TepMuyecKkom pacnage o30Ha. B nefaBHo OmyOMKOBaHHOM padoTe (") m0 
OKHCJICHHIO MeTaHa B MPHCYTCTBHH HeOOJIBUIHX KOJIM4ECTB O30HA MbI Ha OCHOBA- 
HHH pAa (PakTOB, B TOM YHCJIe MO 3aMe4eHHO- 
MY HaMH ABJICHHIO COBMaeHHA TeMNepaTy pbl 
pacnaga 030Ha Cc TemmepaTypol Hauada u3Me- 
PHMOH peakIMM OKHCJICHHA MeTaHa, MPHUWIn 
K BbIBOAY O TOM, YTO MHHUWMMPOBaHHe peakUHH = 45 
OKMCJICHHA OCYULECTBJIAETCA HMCHHO aTOMaMH 
KuCJIOpoa. 

B wactTosuem coo6ienuu mpuBofatca He- 
KOTOPble HOBbIe JaHHble MO OKHCJICHHIO Mpo- 
Maa H BOMOpoOfa, KOTOPbIe, KaK HAM KAKETCA, 5 
NOATBepKWaloT BbICKa3aHHOe PaHee MpescraB- 
JIGHHe O Me€XaHH3Me JleHCTBHA O30Ha Yepes 
aTOMbI KHCJIOposa. OMbITbI MpPOBOAMIHCh pH g 
aTMoc(epHOM JaBJIeHHH Ha CTPyeBOl yCTaHOB- 
Ke. [IpoqykTbl OKHCIeHHA TIpomana — mepe- 
KMCH HM aJibJ\erubl — yJlaBJIMBaIHCb BOOH 


MONG yp)-5 
jump 


50 foo = 150 = 200°C 
Puc. 1. TemnepatypHaA 3a3MCHMOCTb 
OKHCJIGHHA Bomopoda. VUcxonuaa 
cmecb: Hz = 50%, O2 =50%; comep- 


M 3aTCM aHaJIM3HpOBaIMCb OObIYHbIMH MeTO- 
qaMu: CyMMa HWepeKUcel ompesesaAmach HONO- 
MeTPHUeCKH, abderubl — PHApOKCHaMuHO- 


Kanne o30Ha 0.41% . O6ut2e WaBseHHe 
760 MM pT. CT., BpeMA KOHTaKTAa 
21 cex. 1—komuuecTB0 pacmasil2rocs 


o30Ha, 2— KoNMuecTBO OOpa30BaB- 
WelicA BOLI 


BbIM MeTOROM. B ombirax NO OKHCJICHHIO BO- 
Wopoka pearupyrourve rasp Mocie BEIXOAa U3 
peakTopa pocceJIMpoBaHCb C MOMOIIbIO 
CTCKJIAHHOFO BEHTHIA NO Aone MusuMeTpa pTyTHOrO cTOOa HM OOpasoBaBIaT- 
CH B peaKUMH BOJa BbHIMOPaxKMBaACb B JIOBYUIKe, OXJaxKMaeMon %KHKUM 
asorom. Kommuecrso o6pa3opaBllelica BOJbI MOcMe pasMopaxuBaHHA B KasHO- 
POBaHHDI OObeM OMpeeNAMOCh C MOMOULbIO MeMOpaHHOrO MaHOMeTpa. 
SKCHepHMeHTAJIbHbIe aHHbie MO OKHCMeHHIO BOMOPOa O30HHPOBAHHbIM 
KUCJIOPOAOM MmpeylcraBseHb Ha puc. 1, H3 KOTOPOrO BUAKO, YTO 3aMeTHbIM pacnad 
o30Ha HaunHaeTcaA mpu Temnepatype 80°. IIpu sToH Ke TemMepaType HayHHacrcaA 


peakunA OKuCMeHHA BOfopona. IIpu yBemMueHUH BpeMeCHH KOHTAaKTa C 21 no 
103 


40 cek. TemmepaTypa Hauvasia pacnafa O30Ha CHHKaeTCA Ha 20—25°. IIpu stom 
HaCTOJIbKO 2Ke CHUMKaeTCA TeMMepaTypa Havasla peakIMH OKHCJICHHA BOJOpOsa. 

Auanoruunad KapTuna HaGwOfaeTca Np OKNCIeHHM Mporana. B oToM caly- 
yae, KaK HM IPH OKMCJICHHH MeTaHa HM BOMOpOsa, HavaJIO OKHCJICHHA, KaK BAAHO 
v3 puc. 2, coBnayjaeT C HaYaJIOM pacnaya 030HA. 

TakuM o6pa30M, JWIA TpeX HCCJIeEMOBaHHbIX Be- 
ulecTB — MeTaHa, TpomaHa HM BOMOpofa — HauaJO pe- 
aKUMH OKHCJI€HHA CoBMagaeT C HayasIOM pacriaya 
o30Ha. Takoe copnaseHHe, OYeBHHO, CBA3aHO C OO- 
pa3OBaHNeM KaKHX-TO AKTHBHbIX 4YaCTHIL — aTOMOB 
WIM BO3Oy2KJCHHBIX MOJICKYJI KHCOpOla, HHHILMUpy- 
IOWMX WemHOe OKHCJIeHHe. 


MONb =6 


AUMD 


10 


10 


i) 


HeHHe JIPHpOJbl HHHWHH pOBaHHhd. Ecum WVHUMMUpPo- 
BaHHe peakKWWHH OKUCJICHHA BeeTCcsA BO30yK]JCHHbIMH 


YBeJIM4aT CKOPOCTb Jes ak THBallun 


pocTb peakluu. 
Jia peakUMH OKHCJICHHA BOOpORa ONbITHI Mpo- 
BOAHIMCb MPH mpeObiBaHHH pearupyromlel CMeCH B 30- 


"00 


150. +200 250°C 


Puc. 2. TemnepatypHax 3a- 


TlasibHehmIMe OMbITh! Ob HalpaBJIeCHbl Ha BbIAC- | 


MOsIeKYaMH KWCOpoya, TO MOOAaBKM HHEPTHOTO raza | 
BOSOY2KJCHHBIX | 
MOJI€KYJI KHCOpOfa WH COOTBETCTBCHHO TIOHH3AT CKO- — 


He peaxuuu 16 cex. u Temmepatype 206°, oOecneunBalo- | 


BHCHMOCTb OKHCJIEHHA Tpo- 
mana. McxomHad cmecb: 
CsHg = 62%, Oz =—38%; 
col prxKanve o30Ha 2,09%. 
Bpema Kontakta 6 cex. / — 
KOJIMUECTBO pacMarit2roca 


meH MOMHOe pasJIOxKeHHe O30HA 3a BPpeMA peak. 
B orcyTcTBve HHEPTHOTO fra3a pu OOmeM aBJIeHHU 
Py. 02+ 0,= 100 MM pT. cT., CKOpOCTh peakIHH, Hali- 
Je@HHad MO KOJIMYUeCTBY OOpasOBaBlIeHCA BOIbI, CocTa- 


Buia 2,2-10°7 momb/cex. I]pu pa3s6aBmeHHu TOM XE | 


030Ha, 2 — KouIMYeCTBO 06- 
pasopallWuxcah  oprannue- 
CKHX Mepekucen, 5 — kouIH- 
yecTBO = OOpas0Barlwiuxca 
aJlberu OB 


cmecn B 7,4 pa3a, korga Pu,+0,10,41, = 740 MM pr. 
CT., CKOPOCTb OKa3aslacb paBHOH 2,5 -10~" mMosp/cex, 
T. @. WpaKTHYeCKH HE H3MeHHMaCb. OTH WaHHble m03- 
BOJIAIOT CUHTATb, UTO BOSOYKCHHbIC MOJICKYJIbI KHC- 
mopowa He UPpaloT CYULeCCTBEHHOH poOJIM B peakUHH 
OKHCJICHHWA MM, CJIeOBaTeJIbHO, MHHUMMpOBaHHe peakILHH HYXKHO CBA3bIBaTb 
Cc peaklweH aToMapHoro KHCIOposa. 

Jia Toro uToObr yOeLHTbCA B MPaBHJIbHOCTH CeaHHOrO 3aKkJIOUCHHA, MbI 
MOCTABHJIM OMbIThI MO MHHILMMPOBaHHIO PeaKUHH aTOMaMH KHCOpOsa, HEMocpeL- 
C.BeHHO CO3aBaeMbIMH B CMeCH 
MeTaHa C KHCJIOpoqom. Jia sTOH 
IeJIM ObIJIO HCMOJIb3OBaHO (pPOTOXH- 
MHYeCKOe HHHWMMpoBanue. Pearu- 
pyroujad cMecb oOslydaslacb pH 
KOMHaTHOH TemnepaType yuJIbTpa- 
(HOJIETOBLIM CBETOM, TIOJIYYaeMbIM 
OT BOLOPOAHOH paspaqHou Tpyo- 
KH, OTJeJICHHOH OT peakILMOHHOH 
30HbI (PJIOOPHTOBLIM OKHOM. OnbI- 
Tbl MIPOBOJMJIMCb Ha cTpyeBoH 
ILMPKYJIAWMOHHOW YCTAHOBKAaX TIPH 
PasJIMUHBIX JaBseHnax. IIpowyKrTol 
peakIWH Ha BbIXOJe H3 peakTopa 
BbIMOPaxXKUBaJINCb B JIOBYUIKe, MOPpy2KeHHOH B KUAKHH a30rT. CneluaJibHbIMU 
ONbITaMH OblIO YCTAHOBJICEHO, UTO MeTaH B YCJIOBMAX HalMX OMbITOB MOJIHOCTbIO 
mpospayen. JlaBjeHue KUCOpOfa BO BCeX OMbITax NOAOUpasocb C TakHM pac- 
YeTOM, YTOOb] OOeCNeYNTb NO/MHOe NOFOULEHHE LWIYMAHOBCKOH OOsacTH CneKTpa. 

B ycJIoBuAX WHPKYJAMMH MeTaHO-KucIOposzHon cmecu (75% CH, u 25% Oz) 
npH Japsenwu 15 mM pr. cr. B 5-YaCOBOM ONbiTe C BbIMOPaxKHBaHHeM MIPOLYKTOB 


man CHO” 
cek 
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100 200 MM pim.cm. 

P 
Puc. 3. Bausanne pasOaBeHHaA MeTaHO-KUCAOpOL- 
HOH CMeCH a30TOM Ha CKOpOCTb OOpa3s0BaHHA PHA- 
ponepckHCH MeTuIa MpH cboTOXHMHYeCKOM OKHCIe- 


HHH MeTaHa TIO], euicTBHeM IWYMaHOBCKOli o6macTu 


cnektpa. McxoqHaa cmecb: CHg = 75%, Oo= 25%. | 
Jlapnenne Pou -- Po, = 80.mMM_ pt. cr., £= 209] 


peakWuu npu Temnepatype %XHAKOTO a30Ta OKOMIO 9% UCXOMHOFO MeTaHa ObIIO- 


OKUCIIEHO B rHAponepeKuCb MeTHJa HM OKOIO 7% B PopMaibaeruy. BavoKalinee 
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PaCCMOTPeCHHE 3aBHCHMOCTH 3THX MPOAYKTOB OT BPeMeHH KOHTaKTa puBeO 
Hac K 3aKJIOYCHHIO, YTO POPMaJIbAeruA, NO BCeH BEPOATHOCTH, ABMAeTCH BTOPHU- 
HbIM MPpOMYKTOM, BOSHHKIWHM IIpH JasibHeliwemM (oTOXuMMYyeCKOM pacnaye ruy- 
ponepekucn. 

Uroop: yOeauTees, YTO HW pH POTOXHMNYECKOH peakUNH MHUWHUPOBaHHe CBA- 
3aHO HMCHHO C aTOMaMH KUCIOpONa, a He BOSOY2KTCHHBIMH MOJIEKYaMH, OOpaso- 
BaHHe KOTOPBIX BO3MOXHO Tipu A<_2000 A, ObiI MpHMeHeH TOT xe METOL PazOaB- 
JiCHHA CMCCH MHEPTHbIM Tas0M — a30ToM. KoaddulnenT pasOaBsieHHaA MeHAVIM 
BIJIOTh No 10. Orv onpiTh! NpOBOAMMCh Ha MpuMepe MeTAaHO-KHCOPOLHO! 
cmecH. JlaHHble sTO CepHh ONbITOB MpeAcTaBueHb! Ha puc. 3. Tor dakT, YTO B WIE- 
POKOM HHTepBasle pa3sOaBIeHHA MeTAHO-KHCAOPOAHOH CMeCH a30TOM CKOpOCTb 
peakILHH OKHCJICHHA MeTaHa OCTAeTCA NCCTOAHHOH, YKa3bIBaeT Ha TO, YTO H B STHX 
OMbITaX HHHIMMMPOBaHHe He CBA3AHO C BO3OY2KACHHbIMH MOJIeCKYJaMH KNCOpOla. 
CoBOKYNHOCTb JlaHHbIX, OMMCaHHBIX B HaCTOAMeM HCCeAOBAaHHH, a Tak2Ke 
B Ipesbiqyujeh paOore, MpHBOAMT Hac K 3aKJIOUCHHIO O TOM, YTO IPH OKHCMeHHA 
HACbIILCHHBIX Tas00OpasHbIX YIvIeEBOLOPOAOB O3OHHPOBAHHbIM KUCIOPOROM pe- 
AKIMIO HHHILMHPYIOT ATOM! KUCJIOpOa, COpasyroulHecA MpH TepMHYeCKOM pacna- 
We 030HAa. 


Tloerynuno 
lt 11958 
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PHSHYECKAA XHMHA 


tO. Tl. HAKMTHH u O. A. ECHH 


O KMHETHKE HOHHOrO OBMEHA MEXKAY METAJWIOM HW UlJIAKOM 
(IIpedcmaeaeno axademuxom A. H. Ppymkunom 11 IV 1958) 


Ckopocrb MOHHCro OOMeHa MexKAy %KHAKUMU MetamiamMu (Fe—C, Fe—Si, 
Fe—P, Ag) m pacnnaBeHHbIMH WwiakaMH H3y4alacb paHee ONHCaHHOH MeTO- 
nukol (1). To naliqerHbim 3HaveHvAaAM COMpoTHBeHHaA Audppy3suu Ry, OleHMBAa- 
uch KoadpuunenTH! Wuddpy3sun D uoHos x*Ke1esa WM CepeOpa C MOMOLLbIO COOTHO- 
weHHa (°): 

IRIE al » 
Rai = TaFt C Dan’ (1) 


re C — KoOHIeHTpalluA NOTeHWMa oOnpeesAIOULUX MOHOB B Wake, © — Kpy- 
roBad uacrota ToKa, R — ra3oBas nocTroAHHad, T — aOcoloTHad Temiepatypa, 
F — xouctauta Papayea, a nN — 3apxAy HoHa. 

Oxa3alocb, 4TO WIA WwaKkoOB, comepxKamtux 31% CaO, 54% SiO., 15% 
Al,O3, KoatppulueHTbl Audby3suu HoOHOB xKene3a exKaT mpu 1500° C B mpexe- 
max or 2,4 n03,1-10°° cm?-cex ?. IlonyuenHple 3HaueHHA OH3KU K Hal eHHOMY 
panee (D = 3,5-10°°) mpu Toh xe TemnepaType MeTOJOM paMoaKTMBHbix 
M30TONOoB (*). 

Koappuuvent Auppy3HH HOHOB cepeOpa B paciviaBJIeHHOM OopaTe HaTpHa 
(15% Na,O, 85% B,O3) nomyyuica paBHsIM np 840° 0,6-10°7, a npn 940° 
1,42-1077 cm®-cek +. Orciogla 9deprua akTHBallHa mpowecca Audpy3uu, BsTuu- 
CJIeHHad M0 OOSIUHOMY SKCNOHEHIMAIbHOMY ypaBHeHHlo, paBHa 23 KkKaJl/r-aT. 
Menbuime 3Ha4enHa Dag+ NO CpaBHeHHIO C Dees OSYCOBMeHbI, MO-BUMMOMY, 
OTHOCHTEJIbHO OOIbLUOM BASKOCTbIO Cpe! HM HH3KHMH TeMMepaTypaMH. 

Ilo BemMuuHaM cCONpOTHBIeHHx peakuwHH R, paccunTaHb! TOKH oOOmexHa fi, 
C NOMOLIbIO BsIparmkeHHa (*): 


Ui aad bya ome (2) 


J|a crlaBoB >KesIe3a Cc yruiepokom, KpeMHHweM H *octopoM H WWaKOB, Co- 
meprkamux CaO, SiO,, Al,O3, Na,O, B,03, P2O; u He6ombuIMe KOHIeHTpa- 
uuu FeO u Fe,Os, Obima HaliqeHa mpakTM4ecKH MpAMOJIMHeHaA 3aBHCHMOCTb 
M@XK TY t) H CYMMAPHbIM MIPOMeHTOM OKHCJIOB *Kelesa (cM. pwc. 1). Tloqo6uaa 
3aBHCHMOCTb MPH MaJIbIX KOHILCHTPAllWAX MOTeHWNA OMpeeAIOULMX MOHOB Ha- 
Omofalach Wit pala MeTaJJIOB B BOJHbIX HW OpraHyyecKHx pactBopax (?,4,°). 
Kak u3pecTHo (?), 9TOT (haKT CBHAeTeMLCTBYeT O TOM, TO paspaAq noHa 
ABIACTCH CTaNHeH, OMpesesArouleH CkOpOcTb OOMeHa. 

Beegenne B wak Na,O nmpwpogut k yBesuueHuto KoHWeHTpaunu FeO B Hem 
M pocTy ToKa OOMeHa. CKkasaHHoe cormacyeTca ¢ padee MOMyYeHHSIMM pesysb- 
TaTaMH, COrslacHO KOTOpbIM JoOaBKa Na,O yBesMuHBaeT MJIOTHOCTh OTpHIaTesIb- 
HOrO 3apafla Ha avIeKkTpoyqax Fe —C nu Fe —P (°) ucnocodctByer nonmxKeHHto 
MexK(pa3HOrO HaTAKeHHA Ha paccMaTpHBaemolt rpanuue (”). 

H3mMepenus, mpoBexeHHble AA xuAKOrO uyryHa (4,3%C) uumaKac 31 %CaO, 
54%SiO, u 15% Al,O3, noKa3amm, 4To mpn Temnepatype 1350°C u Konuen- 
TpallMH MOHOB %Kelesa 0,36% TOK OOMeHa cocTaBIAN 22 ma/em?, mpu 1550° 
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M KOHWeHTpaltHH 0,52% on paBHasca 50 ma/cm®. Orcioga, yuHTbiBad JMHell- 
Hy!0 3aBHCHMOCTb iy OT C, HaXOJMM SHEPrHIO aKTHBallHH peakuMH (£)): 


Fe (uyryH) = Fe?* (uitax) + 2e, (a) 


paBHoH 23,5 KKam/r-aT, a Jn OOpaTHoro mporecca Es = 13 xKan/r-ar. Takoe 
cooTHolmeHHe F1 uv E2, NO-BHAMYMOMY, 0613aHO TOMY, 4YTO yrmepoq MeramuMue- 
CKOro CillaBa Co3qaeT Ha MermKk(basHow rpaHHe pe3KO BOCCTAHOBHTeIbHbIe YCuI0- 
BHA. Bavanve H3MeHeHHA CKauKa MOTeHIMamla C TeMMepatypolt u KOHIMeHTpalueli 
MOHOB (°) Ha BeIMUHHY 9HEpruw akTuBallun (°) HAMM MlOKa He uCcceMOBaNOcb. 


CocTaB 9NeKTPOMUTA t, °C %, Majcm? C, mKd/cm? 
14,48% Na,O, 
85,4% BoOs, O40 AS 16,8 


14/43% Na,O, 


85,4% BezO3 840 46 16,8 
0,17% AgsO 

30% CaO, 

70% POs, 1040 19 16,5 


0,01% AgeO 


Jl cepeOpanoro seKTpOfa B OKCHHbIX pactlaBax ObWIM MouyyeHbI pe- 
3YJIbTaTbl, MpescraBeHHble B TAO. 1. OHM NOSBOMAIOT OWeHUTb 9HEPrHlo aKrTn- 
Balun via Upamoro (£,) 


Ag (mera) = Ag* (uiiak) +e (6) 


M OOparHoro (E2) mpoleccoB oOmenHa. Onn cocraBasior £1 = 12,8 un Ex = 22,8 
KkKayi/r-aT. Takoe CooTHOUeHHe BemHunH £1 HW E2 Aa cepeOpa Kaxkerca HeoGpru- 
HbIM H TpeOyer Ma bHeMWIAMX MCC1eLOBa- 


e 2 
HHH. Bo3mMoxKHO, YTO OHO OOYCJIOBIeHO ae 
MpOwHoH CBASbIO KaTHOHOB Ag” Cc aHHo- “e 
HaMu OopaTHoro paciasBa. ve 


SHayeHHA eMKOCTH JBOHHOTO CuO 
TIpHMepHO OJHHAKOBbI BO BCeX TPeX Cyly- > 


yaaX HU OM3KH K paHee NoOyYeCHHbIM JA 50 
Fe — C. Dro no3sBomser AyMaTb, UTO HM HA 
MOBepXHOCTH CepeOpa, KOHTAKTUPytoulero 0 
P pee PY G4 G8 12600. %Fe 


¢C 6opaToM, HMeeTcaA H36bITOK OTPHIaTesb- 
eR ane, Puc. 1. 3apucuMocTb ToKa o6mena 

OOpaujaer Ha ceOA BHMMAHHe, 4TO, M@Ky ciiapama x%KeNe3a uM WaKamu 
HeECMOTpA Ha BBbICOKY!O TeMIepaTyPY HM or konyenTpauuH voOHOB 2xee3a B 
OTHOCHTEIbHO OOJIbILYIO KOHLUeHTpallHto make 
NOTeHIHasl ONPeeIAIOULUX HOHOB *Keve- 
3a B Ulake, BeIMYHHbI i) B HSYYeCHHBIX pactiaBax (Fe — C, Fe — Si, Fe — P) 
O1M3KH K HaOs1OaeMbIM B BOJHEIX pacTBopax. Ilo-BuyuMomy, HOHbI %xKee3a CBA- 
3aHbl CO WWIaKOM MpouHee, YEM KaTHOHbI MeTasa C BOAHbIM pacrBopom. Kpome 
TOrO, KPeMHHH, yriepox HM docop KOHIeHTpUpywTcA Ha MexK(pa3HOli rpannie 
(1), UTO MPpHBORLUT K O6eAHEHHIO MOBeEpXHOCTH MeTasJIa ATOMAMH >2KeNe3a, T. e. 
K cBoeoOpasHoH Hs0AWMH NocTesHero oT WwaKa. [lofobHoe BauaAHHe MoBepx: 
HOCTHO-AKTHBHbIX BelUeCTB Ha BeIMYHHY TOKa OOMeHa (YMeHbIIeHHe ee) HaGvIIO- 
aloCb B BOJHbIX pacTBopax (*). 

B nomb3y CKa3aHHoro TOBOPHT TaKKe UpesBbEl4aHHO Mawoe COMpoTUBeHHe 
peakuuu mexkyAy uyryHom (4,3% C) uM WWIaKoM, cojlepKamluM KapOuy, Kasbina 
(10,8% CaCz, 55% CaO, 19,8% SiOe, 3,6% AlzOs, 10,8% MgO 1 0,143% Fe) npu 
Temiepatype okomo 1500°. BeposTHo, B 9TOM CJly¥ae MOTeHWHaN onpelenercs 
MepexoJOM He »*elesa, a yrueposla: 


9C (metas) -+ 2E = Cy” (max). (B) 
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Bpicokue KOHICHTPalnH ero B MOBepXHOCTHOM CyI0e UyryHa M Waka cnocobcr- 
BYIOT OLICTPOMy HOHHOMY OOMeHY HM pe3KO NoOBbUMAaIOT /,. KannJiiapHaad akTHB- 
HocTb CaCe Ha mogoOHo rpanulle BbiITeKaer u3 *bakTa CHMKeHHA Mex(asHOrO 
HaTaxeHua (1°). 

B cBa3H C 3THM MOXKHO JLYMAaTb, YTO WIA UMCTOFO *WKese3sa HW APYrHX MeTaJJIOB 
TOK OOMeHA CO IWIaKOM JOJKeH ObITb MPH BBICOKHX TeMMepaTypax OOJIbULIMM. 
Ha 9To yKa3biBaer HM ConocTaBleHHe BeJIHUHH i, Win Ag u Fe —C. Toxkn 06me- 
Ha Y HUX MpHMepHO OHHAKOBbI, HeCMOTpA Ha Oomee HUSKY! TemMepaTypy u 
Me€HDbINYIO KOHWeHTPallulo HOHOB Ag” B lake. 


YpaJibCkuli NOJMTeXHMYeCKHH MHCTHTyT uM. C. M. Kuposa Tjoctynns10 
CBepa0BcK 15 Ill 1958 


HWMTHPOBAHHAS JIATEPATYPA 


HO) IMG Iniexencrmre iG Oh No eerie, JUNE JUNG Os} (UM iayy)., = 15, 8% Sia iieae © jo, 1. IAI. 
PoseuTaab, Tp. Copem. no amexTpoxumun, Man. AH CCCP, 1953, crp. 446. 3 E.C. Bo- 
poumos, O. A. Ecun, Han. AH CCCP, OTH, Ne 3 (1958). 2 Be AGiieices Cie. O: Behieeoe 
Muawnep, Tp. Copent. no snextpoxumuu, M34. AH CCCP, 1953, erp. 165. ele (Gee ir st 
Sresiwe ty Kab St al UlbraG. leZs- Phys. Chemis, Opis (Go6)e meas O. Acasa Cori rem! ©) aiUlep lle 
KuTHH, Tp. Cope. No :u3.-xXuM. OCHOBaM MpousBoscTBa cTamH, M3q. AH CCCP, 1957, cTp. 
446. 70. A.Ecuu, K®X, 30, B. 3 (1956). 8A.H.Opymxkuu, B.C. Baronka i, 
3, A.Woga, Bb. H. Ka6aunos, Kunetuka snexTpomHpix mponeccos, M., 1952. 9M. HV. 
Temxkuu, Tp. Copem. mo snextpoxumuu, M3y. AH CCCP, 1953, crp. 181. 14°C. HW. Ilo- 
neab,O.A.Ecun, 10.1]. Hu kurt uu, COopn. tp. Ypambcx. nomrexu. uuctT.um.C. M. Ku- 
posa, Crepmosck, Ne 49, 82 (1952). 
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HLoxaans Akapgemun nayr CCCP 
1958. Tom 122, Ni 1 


PHSHYECKAAH XHMHA 


C. M. CKYPATOB u M. Tl. KOSHHA 
TEMJIOTA FOPEHHS TETPAFMAPONUPAHA 
(IIpedcmaeaeno axademuxom A. H. Ppymcunoim 380 VI 1958) 


B Tepmoxumuyeckom O1oserene*Ne 3 3a 1957 roy Opin OnyOIMKOBaHbI 3Ha- 


YeHHA TeIJIOTI TOPeHUA TeTparusApopypana H Terparus~ponupana, nmomyueHHpie 
B JBYX Ja0opaTopHax. 


Tetparugzpodypay (kK) 598,8 
Terparugzponupan , 703,2 


Tetparuyzpodbypax 598,0 
Terparnuaponupan OU nt 


Cnpuraat, Moptamep u Oaetuep (Anraua) 
\ Cxypatos, KosnHa (CCCP) ** 


na Terparuypoypana pasimune CpaBHHTeIbHO HeBeIHKO, HO JIA Terpa- 
rufponupana OHO cocraBvinet 0,5%. Takoe pa3mune He MoxeT ObITh OOBACHEHO 


War aur 1 


H 3 Deans 
ees (eee _COrmatin aH? KK aJI/MOJIb 
nmyctTote) COspaccunt 
4 0, 4946 0, 9996 790,49 
D 0, 4780 1 ,0004 790 , 42 
3 0, 9305 0, 9997 700 , 90 
4 0, 5143 0,9997 700,63 
5 0, 9940 1,0002 HO, (Al 
6 075953 1,0005 700, 04 
7 0, 6342 1, 0004 790,49 
8 0, 4877 0, 9998 790,32 
) 0, 5334 0; 9997 790 , 67 
Cpennee — 1 ,0000-F0 , 0001 790, 02-0, 04 


MOPpeluwHOCTAMM KaJIOPHMeTPHUeCKUX M3MePpeHHH, a ABJIAeETCH, MO-BUAMMOMY, 
CJIECTBHCM HeEOCTATOUHOH UHCTOTHI BeuIeCTBA. 

B pe3yJibTaTe mepenuckH C aHTJIMHCKHMH aBTOPaMM MbI IIPHHAIM pelleHHe 
MpoBecTu B OOenX Wa6OpaTOPUAX MOBTOPHbIe ONPeACMCHHA TEMIOTH TOPeHHA TeT- 
paruiponupana. IIpu sToM nOBTOpHOM ompeseeHHuM aHrIMUCKHMM aBTOpaMu 
6blla modyyeHa TenmoTa ropeHua Terparusponupana 752,8+-0,9 kKaw/MOb 
(), T. €. mpakTuyecku copnmataioulad C BeHYHHON, NpuBexeHHol B TepMoxumu- 
yeckoM O1ouueTeHe. ABTopbr MeaioT 3aMeyaHHe, YTO MpemapaT, NPpHMeHeHHbIl 
HaMU, MO-BHMMOMYy, ObIJI 3arpxASHeH. 

B nacrosnemM COOoOuLeHHH MbI IPHBOAHM pe3yJIbTAaThI MpOBe/eHHOrO HaMH MO- 
BTOPHOFO ONpeMeNeCHUA TeMJOTH! TOpeHuA TeTparusponupana. Terparuponupanr 


* BiomiereHb @KerOMHO H3aeTcA MOAKOMHCCHeH 110 3KCHePHMCHTAJbHOH TepMOMHAMUKe 
MexayHapoxuoro Co1o3a to 4nCcTON MIpHKWaLWOH XMMUM WM CTaBHT cBoeli 3agauelt MHPopMuUpo- 
BaTb O BEAYUIUXCA pa3JIMUHbIMU ma6opaTopuxAMM TepMOXUMUYeCKHX paOorax. B Hem MmoryrT Co- 
OOULAThCA JAHHpIe, HMeIOUMe MpesBapHTeMbHbIt XapakTep. 

eee Ci: 

LO9 


OUMILaICA HaMH pasJIMUHbIMM CnocoOamMHu (OpoMHpoBaHveM, KHMAYeHHeEM C pa3- 
6aBMeHHOM COJMHOH KUCJIOTOH, BbIMOPpaxKHBaHHeM; BCe OOpasllbl Nepek CcxKura- 
HHeM MOBeprasuCb TULaTeIbHOM OCYMIKe HW (PpakWMOHHPOBaIMCb Ha MeTAaJJIH- 
yeCKHM HaTpuem). Tensorb! ropeHua MOJYYeHHBIX OOpaslOB COBNalaJIM B Mmpe- 
yeaxX OUIMOKH Onbira. OCHOBHbIM KPHTepHeM UMCTOTHI MPHMeHeHHOPO mpenapata 
ABJAJIOCb OJIM3KOe@ COOTBETCTBHE KOJIMUeCCTBA JBYOKUCH yrsepofa, HaxOAuMOe 
aHaJIMTHYeCKH B MpOAyKTax ropenua (ToOUHOCTE aHasu3a 0,01 %), c KomMYeCTBOM 
JBYOKHCH yrulepowa, paCCuHTaHHbIM MO HaBecKe HMCXOAHOrO BemsecTBa. B tabs. | 
IIPHBeeHbI MOYYeHHbIe pesysbTaTHI. B rpade 4 TaOu. | npuBewena craHapT- 
Had TemoTa rOpeHuA TeTparHAponupana B XUAKOM cocTosHHH. Kak BUXHO U3 
IIPHBCMeHHBIX JaHHbIX, HCMOMbSOBaHHbIM HAMM TeTparuAponupaH MOKHO ObIIO 
CuHTaTb JlOcTaTOUHO uNCTHIM. TlorpeumHocTh KaJIOpHMeTPHYeCKHX H3MepeHHH U 
aHaJIH30B Ta30B OMeHeHa Kak CpesHee KBapaTHyuHoe oTKNOHeHHe. Tlosyuyennaa 
HaMH BeJIMUHHA OM3KO COBMaaer Cc ONYONHKOBaHHOH Hamu pauee (4) u oTIMUAaeT- 


CA OT ¥HCyIa, MpHBefeHHoro B (7), Ha 0,3%. 
Tlocrynuno 
1 VII 1958 


HHMTHPOBAHHAS JIMTEPATYPA 


1C¢,.M.CKy 


p os, A. A.CTtTpenuxees, M. Il. Ko3 una, JAH, 117, N 3, 
Ais) (UE). = IR Ca Gal le 


tcher etal., J. Chem. Soc., 1958, 1406. 
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Hoxxzaye Akajwemun nayx CUCP 
1958. Tom 122, N 4 


BHOXHMH A 


H. Tf. JOMAH, JI. H. XAJ)KH-MYPAT nw C. E. JEMMHA 


EAMHCTBO HW OCOBEHHOCTH MYTH ACCHMMJIALLMM YPJIEPOA 
PA3JIAWHbBIMH BUJAMM PACTEHHA 


(I]pedcmaeaeno axademuxom A. H. Tepenunoim 13 II 1958) 


B npexkuHet padore (), BbIMOJHeHHOM C y"uacTHeM OMHOrO u3 Hac Ha 17 Buax 
pactennit u3 12 cemelicrs, OblIO NOKa3aHO, TO Y Pa3sJIMYHbIX BHOB, a B OCObeH- 
HOCTH y reHeTHYeCKH OM3KUX, MYTH MeYeHOrO yrslepoka HpH accumusianun CMO, 
XapaKTePH3ylOTCA OOJIbIIMM CXOJCTBOM. Boecte c Tem OblIO NOKa3aHO, TO yxe 
Ip C€KYHAHbIX SKCMO3HUMAX MOCMe PuKCaWHH CO, Ha COOTHOWEHHU OOpasyio- 
ULMXCA MPOLYKTOB HAYHHAeT CKA3bIBATbCA CNeWMPUYHOCTh OOMCHA BeUeCTB aH- 
HOrO BHa pacreHui. OfHako B YNOMAHYTON paOoTe pawMoaKTHBHble BellecTBa 
paseAMCb MeTOJOM (pakUMOHUpOBaHHA, YTO XOTH HW HO3BONHO OOHa- 
PY2KHTb YKa3aHHble 3AKOHOMEPHOCTH,HO He NOSBOJIAO CYT OO HHAUBULYasb- 
HbIX BeILeCTBaX, HM CJICMOBaTeJIbHO, O KOHKPeTHOM MeXaHH3me accumMuIAMU CO, 
pu dorocuutese. Mexyy Tem, B NO3HAHHH MexaHH3Ma 9TOFO Mpomecca, oco6ex- 
HO e€fO HauaJIbHOH CTayMH, HMeeTCA elle MHOTO NpoOeNOB, YaCTHYHOMY BOCHOMI- 
HEHHIO KOTOPbIX B KAKOH-TO CTeNeHH JOJIKHO CJIYXKHTb HACTOAee HCCMEMOBaHHe. 

Heo6Oxo2uMo OTMeTHTb, YTO MO BOMpOcy O MpHpose MepBHIHIX MpoAyKTOB 
accuMusiauun CO, mp :boTocHHTese CYLeCTBYIOT NMPOTHBOPeYHBbIe MHEHHA, YTO 
OObACHAETCA TIABHbIM OOPa3s0M Pa3JIHUHeM HV B METOJMKe, H B OObEKTAX UCCJIe- 
yoBaHuA. OAHU uccNeLoBaTemu (*) CUNTAIOT NCPBHYHLIM CTOHKHM MpOLyKToOM (o- 
TOCHHTe3a (hocorsMWepHHOByIo KHCIOTY, Apyrue — nowMoKcuKucoT (3,4), 
AMHHOKHCJIOTHI (°) H Apyrnue BeusectTBa (°). Dro OOcTOATebCTBO NOTPeOoBaO NpH 
BHIMOJHEHHH JaHHOK paOoTbl ocoOcro BHHMaHHA _K MeTOAMKe H OObeKTAaM HUCCuie- 
WOBaHHA. 

B KkayectBe OObeEKTOB HCCJIEQOBaHHA ObIIH HCIOJIb3OBaHbI JIMCTbA paCTeHHH: 
cbacomu, OeroHHH, CaxXapHOH CBeKJIbI HM TaOaka, pe3KO OTVIMYAaIOUMeCA MO THITY 
oOmeHa BelmlecTB. OnbiTbl MpOBOANIHCb NO paHee ONMCaHHOH MeTosNKe ("), 
MNOSBOJIAIOLLEH OCYLLECTBIATb KPATKOBPeMCHHbIe SKCNOSHILHH JIMCTbeB B KaMepe 
B npucytcrBun ClO, c co610eHveM PUSHOJOrMYeCKHX YCOBHH M Mocexyroulni 
paluoxpomatorpadwyeckHi aHasius BCero KOMMVIeKCa OOpasyembIx BellecTB. Pe- 
3YJIbTaTbl MPOBeACHHbIX ONbITOB MOKa3aJIM, YTO NpH CaMoH KOpOTKOH, 1-ce- 
KYHAHO skcno3suiuHM c C140, B JIMCTbAX BCX BHAOB OlIbITHBIX PacTeHH OOpaso- 
Baslacb (bOC(POrIHMLepHHOBad KHCOTAa, IPHYeM B JIMCTbAX OerOHUU, CaxapHoH 
CBeKJIbI HW TAOaKa, KAK 9TO BHAHO Ha MpefCTaBJIeHHbIX payMoaBTorpamMax (puc. |), 
B Hef CocpefoTouena MOTH BCA palMoaKTHBHOCTS. B mucTbax xe chacouM mp 
9THX YCJIOBHAX 3HAYHTeMbHAA PaMOaKTHBHOCTh COMEPARUTCA B CBOOOAHOH TH 
WepHHOBO Kucsore. Tlorpe6oBanch CnelMaJIbHbIe ONBITHI, C SKCNOSHUMeEH MpH 
MNOHWXKeHHBIX TemNepaTypax, UTOOLI AOKasaTb, YTO H B JIMCTbAX acosM B Ka- 
YeCTBE MepBHYHOFO CTOHKOTO MpOAyKTa PoTocuHTesa OOpasyerca cocor ule pu- 
HOBaA KHCIOTA, ObICTPO NpeBpamaloulasicA B CBOOOAHYI0 TIMMeEPpHHOBY!O KHCJO- 
Ty, H Apyrve npoLyKTHl. be = ; 

B mucrbax (bacouM WHOTa CYULeCTBeEHHaA PaHOaKTHBHOCTh Mp KOPOTKNX 
9KCHO3SHUMAX OOHAPy2KUBaeTCA ele B OMHOM, MOKa HE UeHTHPULNpOBaHHOM 
BemectBe (puc. 1, 3). Sro BemecTBO NpH XpoMaTorpadupoBaHHA MeAVIeHHO ABH- 
raerca B pacTBopuTesie Cyrano — yKCycuas KuCIOTa — BOLa, HO ueT C PpoH- 
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TOM pacTBopnTeia cbeHom — Boga. Cy m0 HEKOTOPbIM (PH3H4UeCKHM CBOHMCTBaM, 
MOXKHO MpeAMOMORKUTL, YTO 9TO.KAKOH-TO MPOAYKT KapOOKCHJIMPOBaHHA TIpOH3- 
BOAHOrO MomMpenosma. OSpasoBanue ero B JIMCTbAX Caco/M OblIO 3aMe4eHO 
He BO BCeX Ce€PpHAX OMBITOB, UTO, MO-BHAMMOMY, CBA3AHO C pa3JIMYHOM HHTCHCHB- 
HOCTbIO €FO CHHTE3a. Cya60e OOpa3s0BaHHe 9TOPO BelleCTBa 3aMeCTHO TaKXKe B JIM- 
cTbax Ta6aka. Ha ocuoBaHuu AMHAMMKH eFO HaKOIWJICHHA MOXHO JYMaTb, 4TO 
B JaHHOM CJlydae MbI HMeeM eNO C CaMOCTOATEIbHbIM BUAOM cbuKcauuH COs, 
CBA3AHHbIM C CHHT€30M KAKOPO-TO apOMaTHYeCKOrO BeMLeCTBa Yepes KAaPOOKCHJIA- 
poBaHue. 

Kak BHJHO Ha pawMoaBTOorpaMMaX C YBeJIMYeHHeM SKCIO3HIMH B JIMCTbAX 
BCeX OMBITHDIX PaCTeHHH ObiIcTpO HapacTaeT KOWIMUeCTBO docopHEIx spupoB 
caxapoB, MOABJIAeTCA AOMOUHAA KHCOTa, aJlaHHH, aCNaparMHoBad KHCJOTA, 
AHTapHad KMCIOTa, MOCTeMeHHO HapacTaeT KOJIMYeCTBO CBOOOJHbIX CaxapoB. 

Kak yKa3bIBaJIOCb BbIile, BbIOPaHHble AVIA OMbITOB BUbI pacCTeHH Pe3Ko OT- 
Mmuatorca MO THY OOMeHa BemecTB. MacoOJlb HakanJIMBaeT Oeku, OerOoHHA — 
KHCJIOTHI, CBeKJIa —Caxapa, TaOak ABJAeTCA asIKAJIONAHbIM PpacTeHHeM. 

Oco6eHHOCTH OOMeHAa BeleCTB OUEHb ObICTPO CKa3bIBaIOTCA Ha MYTH yrweposla 
pH accuMusaunn CO. Jia taco XapakTepen OOJIbLIOH MPOMeHT pawvoaKkTHB- 
HOCTH B TuIMIepHHOBOH KucoTe. B mucTbAX 9TOrO pacTeHHaA OOpasyr1oTcA MH- 
Mw MoHOdocdaTH Caxapos; docorsMWepHHOBaA KUCJIOTAa ObICTpO MpeBpamlaerca 
B Jipyrve BeuleCcTBa MH MOUTH MCUe8aeT; B HEOOJIbWIOM KOJIMUeCTBe, HO ObICTpO 
oOpa3yioTtcaA AOMOUHAA KHCJIOTA MH AMHHOKHCJIOTHI: aJlaHHH, CePHH, acMaparHHo- 
Baa KuCcMOoTa. BbIcTpo OOpa3yloTca Take Caxapa: TlOKO3a, CMaOee CPPyKTO3Aa, 
HapactaeT Caxapo3a. ECTeCTBeHHO BOSHHKaeT MpeAMOJIOKCHHE O BOSMOXKHOH POI 
rJIMILeEpHHOBOH KUCJIOTbI B CHHT€3€ AMHHOKHCJIOT, B YaCTHOCTH, CepHHa. 

B sucTbaAX OerOHHH CKOPOCTh MpeBpallleHHA IIPOLYKTOB C MeYeHbIM yrviepo- 
JOM HECKOJIbKO MeHbINe. SaeCb MbI BUAMM (coctporMIepHHOBYy!O KMCOTY, TH- 
cboccpaTbl H MOHOocHaTH CaxaposB, CuleMbI TpHosodocsata, HemMHOrO AGTOUHON 
KHCJIOTHI, PIMKOJIEBOH KUCJIOTHI, He BAAHO AMMHOKHCJIOT, BIOJIHe 3AMeETHBI Caxapa. 

B MHCTbAX CaxapHOM CBeKJIbI OO/IbUIOH PaNMOAKTHBHOCTbIO OGJafaroT (oc- 
(popHble SPuPbI, 3AMeTHO HaKalVIHBaloTCA CBOOOHbIe Caxapa, eCTb AOMOUHAaA 
M AHTapHad KMCJOTHI, alaHHH. J\a mucTbeB TaOaka Hapaay c cocdopxpimu 
3(pHpaMH MOXHO OTMeCTHTh MHTCHCHBHOe HAaKOMJeHHe AOMOUHOH UW acnaparMHo- 
BOHM KHCJIOT HM alaHHHa, MOCTeMeHHO OOpasyloTca CBOOOMHHIe Caxapa. 

Ha paquoaprorpadax ywacTo ObiBaloT 3aMeTHLI MATHA Csa6oO pakuoaKTHB- 
HOCTH, COOTBETCTBYIOMN[Me KAKHM-TO HeHCHTHPHUNPOBaHHbIM MIpOyKTaM, KO- 
TOpble MONOMHAOT KaPTHHY MYTH MeyeHOrO yrwepoa, XapakTepHylo IA Wau- 
HOrO Bua pacTenui. 

Ipu Ooslee NpOLOWKUTeEMBHOM SKCNOSHUMH JIMCTbeB B aTMOCepe C MeUeHLIM 
CO, pasIH4HA B COCTaBe paMOaKTHBHBIX MPOLYKTOB, OOpasyeMbIxX 9THMH pacre- 
HMMM, Combme. B raOn. | mpuBoqurcs: pakMoakTHBHOCTb HeKOTOpBIX Coesu- 
HeHHH y JaHHbIX paCTeHH WIA KOJIMMCCTBEHHOFO CpaBHeHHaA. 

HeoOxoiMmo MMeTb B BUY, UTO COCTAB H COOTHOMIEHHE PaHHAX MpOAYKTOB o- 
TOCHHTe3a B OOJbINOM CTeNeHM 3aBMCAT HE TOJIbKO OT BUa PpacTeHUli, HO H OT 
MX Bospacta, PusMoMOrM4ecKOrO COCTOAHHA M Apyrux ycopuii (§). 


Taodauna 1 
Pacupegesenue, Cl4 B nponestax Ip pasHolt sKcnosHunH 


Macomb Berouusa CBeka Ta6axk 
OKCNOSHIHA, CeK, 
30 60 300 30 60 300 30 60 300 80 60 300 
Moxrotocaret Ses OF Tat ee eon ais 19 4 ML 23 g 
Caxaposa Sea) 26 39 8 as 1 5 27 
A6mounad Kuca. | 19 3 { 3 4 il 4 14 3 2 
Asanun ‘3 2 6 ae = 4 3 4 2 6 4 é) 
! 


WAL? 


Puc. 1. Paguoaptorpadt, MovlysenHple B ONbITaX MO POTOCHHTe3sy C JIMCTbAMH pa3JH4u- 

HBIX pactenult. A — daconb, 6 — Geronus, B— caxapwaa cpekna, I — Tabak. 

Sxkcno3snuuu: a — 1 cex., 6 — 10 cex., ¢ — 30 cex. / — chocormMuepHnoBad KuCJOTA, 

2 — ranuepvnopad KucsoTa, 8 — HeM3BeCTHOE BellecTBO, HAyukee C (bpoHtom (exo — 

Bona, 4— TpHo3sodpocat, 4 — oOmacth gucpociatos, 6 — MoHoochatsl caxapos, 

7 —s6nouHana KucnoTa, 8 — aanun, 9 — AHTapHad Kucaota, 10 — acnaparMHoBas KuC- 
nota, 1/ — rawxKo3a, 12 — ppyKxto3a, 13 — caxaposa, 14 — cepHH 


JAH, vr. 122, Nop 1, Dowar, Xazwu-Myyzat u Jlemuna 


Takum 00pa30m, loka3aHo, TO HapsAyy C ELMHCTBOM OCHOBHBIX 9TAaNOB nYyTH 
acCHMHJIAIMH yrepofwa yxxe B CaMOM Ha¥aie ero CKa3bIBaeTCa CnemuduKa 
oOMeHa BemlecTB pacrenuli. Yoke nepsplii HaGmojaemplii MpokyKT (porocuHTe3a — 
(pocorIMiepHHOBaA KuCJIOTa (KaK, BEpOATHO, MH ee IpeJMMeCTBEHHHKH) OBICTpO 
TipeppaulaercA CxXeMaTHYeCKH MMHHMYM IO TpeM HallpaBJleHuaM —C_ Boc- 
CTaHOBJICHHEM, OKHCJIeHHeEM HU jedocPpopHupoBanuem. Ho B ocHOBHOM OHa 
BOCCTAHaBJIMBacCTCH, BCTYMad B yrueBOHbI coTocuHTerHuecku WuKA (2). 
STOT OCHOBHOM NyTh yruepofa ABIAeTCA eAUHbIM JIA ChoTOCHHTesHpytoUHX 
pacTeHull. OTO, OfHaKO, He O3HaYaeT, YTO B IIPMpoOse B NpUNWUNe He MOKeT cy- 
WleCTBOBaTb Apyroro, MOxKer ObITh, MaJIo pacipocTpaHenHoro nytu. VW tem Gomee 
9TO He OFPaHHUMBaeT POJlb PasMMUHIX peakiMH KapOOKCHJIMPOBaHHA, HAYWNX, 
BePOATHO, OLHOBPeMeHHO C peakitMelH choTocHHTeTHYecKOH cbuKcawunH CO, Ha 
pHOyesoqudochate. M3pecrupt peakiiuu TeMHOBOrO normomeHHuA CO, mucTbsA- 
MH pacreHnit (°,'°), a Take BbIMMeOMMCaHHbIli Mpeqnosaraembili HOBbI BU cpuK- 
CalHu YIJIeKHCJOTbI Ha MpOW3BOAHOM NOwMdeHoma. HecomHeHHo, 4TO Hapayy 
C 4YaCTHUHbIM NOaBJIeEHHeM STUX PeaKUMH, OuarowapA KOHKYpeHuMU 3a CO,, 
HCKOTOpPble H3 HHX YCHJIMBaIOTCA BBULY HaKOMJICHHA COOTBETCTBYIOIIUX AaKILelTo- 
pos, OOpasyiomuxcs mpu doTrocuHTe3se, HU, B CBOIO O4epeNb, CAMH BUJMAIOT Ha 
(poTocHHTes. 


MuetrutyT OnoxumMunu uM. A. H. Baxa Tloerynusto 
Akayemun HaykK CCCP 15 I 1958 
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Aornzans Akayemun nayr CCCP 
1958, Tom 122, Ne 4 


PEOJOrHA 


H. A. BEJIOB u H. H. JIAMMHA 


HOBbIE JAHHBIE] O CTPATH®HKALLMK JOHHbIX OTJIO)KEHUM 
APKTHYECKOFO BACCENMHA’ CEBEPHOrO JIEROBATOrO OKEAHA 


(ITpedcmaeneno® axademukom H.” M. Cmpaxosom 3 IT 1958) 


CrpaTuukalluaA JOHHbIX OTOXKeHHH WeHTpambHoH uacru ApxKTuyecKoro 
OacceliHa BrepBble OblIa JaHa aBTOPpaMH 0 MaTepHasiaM BbICOKOIIMPOTHBIX 9K- 
cnequuuh ApkTuueckoro Hay4dHO-HCCreqoBaTebcKoro uHcTHTyTa B 1948— 
1954 rr. OqHako JVIMHa 9THX KOJIOHOK He npeBbiluaa 90 cm. B 1955 r:, Bo Bpemsa 
BBICOKOIWHPOTHOH SkcnequNHH Jeqopesa «D, JIuTKe» B palioHe K ceBepy OT 
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Puc. 1. Teonoruyeckni* paspes Kom0HKU co cTaHiun .Nd 5. Tay6una; eS ~, 
3044 M 

Vocuba H. A.Benopy B mpHataHTH4ecKoH 
pBbIe yasOCb MOYYHT KONOHKY AAHHOH 
pant [IPH BbICbIXAHMH yMeHbUINNACh AO 


o. [Inun6eprena u 3emiu Ppanila 
KoTNOBHHe c rayOuHb! 3044 m Brie 
412 cm Bo BJaxKHOM COCTOAHHM, KOTO 


1352 cm (puc. 1). | 3 
|e ee ete aed MatTepHasloB TokTBepAHsa o6ulyio cxemy cTpaTH 


1 5 
(ukallun ocaKoB, HaMcueHHy!o no mpebiLyulLMM BO ah 
Vsyuenne rpanysomerpnueckoro, xuMHyecKoro, MHHepaJiornye 


o1LH ¢ HC- 
Take pesyJbTaTa CMelMaJIbHbIx 
-Kpocbaynuctuyeckoro cocTaBa ocayKOB, a pe3y - of 


cyleqoBaHHit (TepMu4eCKHii, paqMOXHMMYeCKH, PCHTTeHOCTPYKTYPHbIN HW SJIeK- 
TPOHOMUKPOCKONMYECKHH aHAaJIM3bl) YKa3bIBalOT Ha H3MCHEHHE B CTPOCHHH Ocal 
KOB 110 BepTHKasIu, OOYCOBMeHHOe CMeHOM B CeBePHOM MOJyWapHA 3M0X M0- 
TeIJIeCHUA H OOMlerO NOXOOLaHHA. 

B nacrosmee BpeMA CTpaTHUKalUA OCaNKOB MpHaTMaHTHYeCKOM KOTJIOBHHDL 
Apxtuueckoro OacceliHa pucyerca B CJleyiouleM BH. 

BepxHuit col ocaqKoB mpeycTaBsleH KOPMYHEBbIM H TCMHO-KOPHUHEBbIM 
TJIMHHCTBIM WOM. XapaKTePHbIM JIA STOTO COA ABMAeTCA HaJIMUHe MHKPO- 
(bayHbI CeBepoaTaHTHYecKOrO BUa, cpeqM KoTOpoH npeodmagaer Globigerina 
Pachyderma (Ehrenberg), moppileHHoe cosepxanne *Kesle3a, MapraHila W Kap- 
6onata Kambuna (Fe2Os no 6,5%, MnO 0,25%; CaCOs 8,3%); opraHuyeckoro 
BeulecTBa JO 2,5%. 

B cpeyueli uacru Cox 3aseraioT cepble HM *eJITOBATO-Cepble HJIbI, B KOTOPbIX 
MUKpodayHa OTCyTCTByeT, a COfepxKaHHe %Xesesa, MapraHlija HM kKapOoHaTa 
KaJIbILHA 3AMeETHO YMeHbLUIaeTca. 

Tlomunepamoruueckomy cocTaBy MecuaHo-aJleBpHTOBad (pakIMA OMMCbIBAeMO 
ro csioa coctout Ha 40% u3 mupoKceHoB,15—18% cocTaBJIA1OT YepHble PyAHbIe 
mMuHepavibl, 20 10% — amu6onnr uv 10—12%— smufoT-lousHT; MOBCeMecTHO 
MpHCyTCTBYIOT THApooKucsb weslesa. TMHUCTHIC MMHepaJIbl MpekcTaBJIeHbI 
PHAPOCMOLOH C HeESHAUMTeIbHOM MpHMeCbIO KaOJIMHHTAa, MOWHOCTb CuO” 82 CM. 

Hwke pacnosoxkeH culoli ceporo mecuaHHCTOrO Hla, a TaKxKe Hla C BKJIOUe- 
HHeM TaJibKH H TrpaBua, MUKpocbayHa OTCYTCTBYeT MJIM BCTpeyaeTcA B BHMe 
eMHHUHBIX paKOBHH. Cosepxanue FexOs yMeuburaetca lo 4,0%, MnO jo 0,1%; 
KoMueCcTBO CaCO; He mpeBpiuaeT 3,0%; OpraHwuecKoe BeLeCTBO YMeHbillaercs 
no 1,5%. Cio mo cocraBy JOBOJIbHO OJHOOOPa3HbIH MU Mpocmex*KHBaeTCA MO BCeM 
PPpYHTOBbIM KOJIOHKaM, MMeIOULMM JocTaTOUHylo JWHHY. 

B oramune OT BbIIMeTeKallero CJIOA, B M€CUaHO-aJIeBPHTOBOH YacTH OCalKa 
YBeJIMUMBaeTCH COepxKaHHe NHPOKCeHOB Jo 55%, aM*PuGOMbI MOUTH OTCYTCTBY- 
OT, COJepxKaHve MHHEPaJOB H3 TpPyNMbl INMOT-OH3HTa YMeHbIlaeTcA, PUAPO- 
OKHCJIbI 2%Kee3a oTcyTcTByloT. Bo dpakuuu <0,001 MM kosuMuecTBO PJIMHMCTHIX 
MHHepaJIOB YMeHbINaeTCA; OCHOBHbIM MHHepaJiOM ABJIAeCTCA THApocsio4a, MOBbI- 
maeTcad coepxkaHue TOHKOANCHepCHOrO KBaplla HW COAbI. Xapakrep ocalKoB 
CBUJIETEJIBCTBY€ET O TOM, UTO OHH (POPMUPOBAJINCh B YCOBHAX XOJIOMHOFO KJIMMATA, 
110-BHAMMOMy, B HepHo oeqeHeHHsA. 

YPOBeHb MOPA B STO BPCEMA 3HAUHTENbHO NOHWKACA, MATEPHKOBAA OTMeJIb 
apKTHYeCKHX MOpel, H B TOM 4NCe OCTpOBHasd OTMeb O. HInun6eprena u 3emnu 
pana Vocuda, ocymaacb (*), 0 YeM CBHJeTeIbCTByeT TpyOan 3epHucTocTb 
OTJaraBLUAxcA ocaqKoB. MoulHocTb omucbiBaeMoro cuI0od 27—53 cm. 

Iloq oTIOxXeCHHAMM XOJOLHOFO NepHosa saseraroT PIMHUCTHI HW BeCbMa TuIH- 
HHCTbI€ HJIbI CBeTJIO-KOPHYHEBOFO, XKEJITOBATO-Cceporo HM KOPH4HEBATO-ceporo 
WBeTa, YacCTO C KOPHUHEBbIMH MH KpacHO-OypbIMH MpocouKaMH HW BKIIOUeHHeM 
MHKpoayHbl CeBepoaTJaHTHYeCKOrO BHa, B KOTOPBIX cosepxKaHHe Fe2Os 
paBHo 5,08%, MnO 0,15% Hu CaCOs 4,5%. Cozepxkanne MINHuCTBIX MHHepaJIOB 
BO (ppakuuu <0,01 mM pesko Bospacraer. B Buse npuMecelt noABAAeTCA KaouH- 
HHT H TaswyasuT. Cyt m0 XapakTepy BeleCTBeHHOrO CocTaBa STUX OCAaRKOB, 
OHM OTJaraJIHCb B Oosee TEMIbIX KIMMATHYCCKUX YCOBHAX M Ha OOMbUIAX Tvty- 
OuHax, 4eM BbIIMeTeKaLllHe. 

HacrynMBuiee norenJeHue, M0-BHMMOMY, CJleLyeT CBASbIBATb C YBe/IMUeHHeM 
NpATOKa aTMaHTHYeCKUX BOA B ApKTHuecKHH OacceliH U, Kak culeCTBMe 3TOrO,— 
C erpafalven JeqHHKOB M MOBBILIeEHHeM YPOBHA MOPA, YTO H OTPa3sHvlocb Ha 
XapakTepe JOHHBIX ocaqkoB. MoulHocTbh 3THX OCaKOB NopsyKa 30 cM. 

Tloq oTsoxKeHHAMH TeMIOrN MexKJeLHHKOBOLO BeKa 3auleralor Cepble HW >KeJI- 
TOBATO-Ce€pble TOHKOCJIONCTHIe HJIbl, M€CUaHHCThIe WJIbI HW PIMHUCTHIC WIbI C TOH- 
KMMH Tl€CdaHbIMH MPMCbIIKaMH WM BKJIOUCHHeM TraJIbKkH HM rpaBua. MuKpocayua 
ceBepoaTMaHTHYeCkOrO Bla OTCYTCTBYeT, HOO BcTpeyaerca B BUe CEAMHHUHBIX 
pakoBnH. Coyep2Kanve Fe2Os ymenbuaetea m0 4,5%, MnO — no 0,03—0,08% , 
a CaCO; — no 3,25%. B cocrape d@pakuuu <0,01 mm BO3PacTaeT KOJIHUeECTBO 
TOHKOJMCMepCHOro KBapla HM YMeHblllaeTcA NpHMecb KaomMHUTa. Cyan M0 Be- 
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UL€CTBEHHOMY COCTaBy 9THX OCaAKOB, OHH OTVIarasIHCb BO BpeMA OOWLELO MOXOVIO- 
_AaHHA, BISBAHHOFO O/leeHeHHeM. YPOBeEHb MOPA BHOBb NOHMKAeTCA, UTO JO- 

Ka3bIBaeTCA HaKONJIeHHeM Coulee rpy6osepHucTbIX ocayKoB. MomHocrh 3THx 
ocalkos 45 cM. 

PpyOogucnepcHble OTOAKEHHA XOMOAHOFO NepHoka NOAcTHNaloTeH Gowlee TOH- 
KOJMCNEPCHBIMH OTJIOXKECHHAMH: TVIMHHCTbIM H BECbMa IVIMHHCTbIM HJIOM CBeTJIO- 
ceporo H XKeJITOBAaTO-Ceporo Beta HHOPa C *KeJTOBATHIMH Mpocslolikamu. B Bepx- 
He YaCTH 9THX OCAKOB HaOsIOLaeTcA OOHIHE MUKPOayHbI ATMAHTHYeCKOLO BU- 
ia. Coyepxkanne Fe2Os B ocayKax yBeamunpaetest 10 6,4%; MnO — yo 0,19%, 
CaCOs—jo 6,0% ,oprannueckoro BenlecrBa—jo 3,6% .HmxKuasa YacTb commpen- 
CTaBJIe¢Ha BECbMa IIMHUCTHIM WJIOM C NeCuaHbIMH Npucbinkamu. MukpodbayHa uMe- 
eTca B CpeqHen YacTu clod.Munepasornueckuit COcTaB 3THX OCAKOB Pe3KO MeHA- 
etca.B mecuaHo-aneBpHToBoli :bpakWuH cosepxaHne NupOKceHoB HopsAKa 18%, 
am@noouos 10%; 40 20% Bospacraer cofsep»kaHve MUHEpaJOB Fpyrbl 9MHJOT- 
WOU3HTa, COJep#Kanhe Ppanata Mecramu jocruraer 15%; moBceMecTHO mpHucyrT- 
CTBYIOT THAPOOKUCJBI *wesesa. CpeH TIMHUCTHIX MHHePaJIOB BHOBb MOABJIAIOTCH 
B BHe IPHMecH KaOJIMHUT H ralyasHT. BewlecTBeHHbI COCTaB OMHCbIBaeMbIXx 
OCaJ\KOB YKa3bIBaeT Ha TO, YTO OHM (POPMUPOBAVJINCh B TeMJbIM NepHOL OOmMp HO 
TpaHcrpeccuy, Korjla OeperoBasd JIMHUA OTCTYMHIa JaeKo Ha tor. BHoBb mMpo- 
KMM (pOHTOM TOCTyNalwT TelJIble aTMaHTHYecKHe BOI. B cBxA3H C MOBBILIEe- 
HHe€M YPpOBHA MOpsxA U yrsyOueHnHem ApkTuyeckoro OacceliHa HakallJIMBaloTca 
TOHKOfMCHepcHble ocalKH. Hasmune mbWwIeBaTbIX MPHCbINOK B HMKHei uacTH 
CJIOA, MO-BHJMMOMY, CBHJeETeEIbCTBYeT O KJIHMATHYeCKONM Ce30HHOCTH B OCaJKO- 
oOpasoBpannn. MouHoctb ciloa sTHX ocanKoB 80 cM. 

Iloq ocaykamu TpaHcrpeccuH 3asieraer cepbiii WI, MepecsaMBaloulHlics C TOH- 
KO3€PHHCTHIM 2KeJITOBaTO-cepbIM mecKoM, MuxpodbayHa orcytcTByet. CojepKa- 
HMe %Kele3a, MapraHlla H KapOoHaTa KaJIbl\uaA yMeHbuaeTca (Fe2Os 4,40%; 
MnO 0,06%; CaCO; 1,9%). Munepasoruyeckuli cocTaB 3THX OCaKOB pe3Ko 
MeHseTcA. B necuaHo-aJleBpHTOBOH (bpakWHH MO CpaBHeHHio C BHIILese*KallUMu 
ocaKaMH pe3KO YBeJIHYMBaeTCA COsepxKaHve NHPOKCeHoB JO 45%, amHOouibI 
MOUTH OTCYTCTBYIOT, COJeCP2XAaHHe MHHEPaJIOB H3 PpyNMbl IWHAOT-LOM3HTAa YMeCHb- 
IuaeTca Zo 10%, rpaHaToB Jo 2—3% . Pusqpookucubl Kee3a OTCYTCTBYIOT. Cpe 
TJIMHHCTHIX MHHepaJiOB HCue3saeT KaOJIMHHT. BeulecrBeHHbli COcTaB 9THX Ocal- 
KOB CBHJe€TeJIbCTBYeT O TOM, UTO OHH OTaraJIHCb B NepHOA oYepeXHOro OIeeHe- 
HMA, KOra MpHTOK TeMIbIX aTJaHTHYeCKHX BOX B ApkTHyecKHi OaccelH 
cokpatTuicn. Cyix moO XapakTepy 9THX OCAKOB, YpOBeHb MOPA 3HayHTebHO 
NOHH3HJICA, OTUETO MaTepHKOBaA OTMEeJIb, H B TOM YHCJIe OCTPOBHaA OTMeJIb 
o. UInuu6eprena u seman Ppanna Vocuda, nomnocrbio ocymMiach.MouHocTb 
COA STHX OCAKOB NOpAyKa 35 cM. 

Han6oslee J peBHUMH OCaKaMU, KOTOPbIe OblWIH BCKPbITbI B KOJIOHKE CO CTaH- 
wHH Ne 5, oKkasasuCb Cepble, BECbMa TJIMHHCTHIe WJIbI, B KOTOPbIX, XOTH HM Pej{KO, 
HO BCTpeuaeTcs elle MUKpotpayHa CeBepoaTMaHTHYeCKOrO BUA, CBHACTEJBCTBYIO- 
Wad O NPOHHKHOBeHHM TeMIbIX aTJaHTH¥eCKHX BOX B ApKTHueckHl OacceliH. 
CojepxkaHve »%ele3a, MapraHlla H KapOonaTa KaJIbUMA HeCKOJIbKO BBILIe, YeM 
B MIpebIyujem cs10e ocaKoB (Fe2O3 5,1%; MnO 0,14%; CaCOs 2,9%); opraHu- 
yeckoe BellecTBO 3,3%. HamMune TOHKOJIMCHePCHbIX OCa{KOB CBUJeTebCTBYeT 
06 yray6ueHuu Oacceliva, a MOBDINeHHe B COsep2xKaHHH 2*Keslesa, MapraHlla, Kap- 
OoHaTa KaJIbIlMA HM Oprannueckoro BelllecTBa — O NOTeMWIeHHU KMMaTa. Cys 
0 3THM JaHHbIM, ONHCbIBAeMbIe OCAKH OTaraluCch B NepHok MexkcTaMaJIbHOroO 
norenJeHua. OHAaKO BCero STOTO CJIOA OCAKOB MPOHTH He ylaslocb, rpyHTOBaA 
TpyOKa BCKPblla HX TOAbKO Ha mpoTsKeHuu 30 cM. 

Jlauubie 10 onpeleseHuio cosep2%KaHuA pawuA B OCaNKaXx CBUACTEILCTBYIOT, 
uTO MaKCHMYM CojlepxKaHuA pawns, papubiit 4,3-107* r Ha rpamM cyxoro Belile- 
cTBa, OTMeyeH Ha rayOuHe 45 cM OT BepXa KOJIOHKH, UTO COOTBETCTBYeT 9200 
ronam. MUcxoya v3 3THX JaHHbIX, CKOPOCTb HaKOMJIeHHA COBPCMCHHbIX OCAaKOB 
papua mpumepHo 5 cm B 1000 ser. B ocagKax c rayOunbl 45—47 cm cojlepxxaHne 
paluA yMeHbluaeTcA HM HaXOMHTCH IPHMePHO B KJIapKOBbIxX npewemax Oe U8 
- 10712 r/r. HeGompmoii MaKCHMYM B COJepKaHHH Pass, PpaBHbI De Ls 
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Ha rayOunHe 156—158 cM saBAAeTCA aCOpOIMOHHbIM, O YeM CBHACTebCTBYCT 
TOHKAA JUCHePCHOCTh OCaKOB HM MOBbILMeHHOe COMepxKaHhe MapraHlia M *Kewesa. 

To qannpm A. IT. Jlucuupina (2), cKopocrb ocaqKoHakomieHHaA Ha rry6o- 
KOBOJHBIX y¥acTKaX OXOTCKOrO MOPA HeCKOJbKO OovIblIe, YeEM B OOC1eOBaH- 
HOM paliOHe: HMCHHO, B 10xKHOM, riyOoKOBOAHOM OOacTH OxoTckoro MOps CKO- 
pocTb ocayqKoHakonmeHua cocTaBaeT 8—9 cm B 1000 sleT, a B CeBepHOK yBeJIH- 
yupaetca no 30—100 cm B 1000 ner; 3a cpemuioro Bemuunny A. II. Jlucnupin 
mpuuumaet 30—40 cm B 1000 wer. CpaBHuBaxd HallIM JaHHble CO CKOPpOCTAMH 
HaKOMIeHHA OcayKoB B CepepHol ATaHTMKe, NOyYaeM JOBOJIbHO xOpoluee 
ux coBnagenue, Iorr (*) paclleHHBaeT CKOpOCTb HaKOMJICHHA COBPe€MeHHBIX 
ocayKop B CesepHo ArmanTuke Kak 0,53—2,13 cm, a TemHoro («CHHero») 
ula — Kak 0,9—3,3 cm B 1000 aer. 

Ha ocuopaHuu crpaTupukalluu ocaKoB H OnpeesIeHHA COepxKaHHA B HUX 
palua ycTaHaBMBaeTCA CJIeELYIOULMH aAOCOJNOTHbI BOspacT H3yYeHHBIX TOpH- 
30HTOB H MpOBORMHTCH CONOCTAaBJIEHHe HX C OTJIOKCHHAMH UYeETBEPTHUHOTO Me- 
pHoga Ha cyme no cxemam A. HM. Mocxsutuua uC. A. Skopuesa. 

1. CoppemeHuble ocakKH OTaraHcbh OT HacTosilero BpemeHH Oo J—10 TIC. 
JeT Hasal. 

2. Ocaaku xouoqHoro mepHoa — PUHUTIAWHalb, WIM YeTBepTOe HOBOe 
omemeHeHve B Eppone u captaHcKoe B Cu6upu — or 9—10 go 16—17 Tuic. ser 
Ha3aji." 

3. OcalkKu Tenoro nmepHvoga ormaramucb oT 16—17 go 20 ThIc. eT HasaJ. 

4, OcaqKu xOJOAHOrO NepHofa OcTalliKOBCKOrO, HIM TpeTbero HOBOrO, OuIe- 
jeHeHus, B Eppone vu BTopol cra 3bIPAHCKOFO OeqeHeHHA B CuOupu — OT 
20 no 30—32 Thic. eT. Ha3aj. 

5. Ocak TensOro M@xKJIEHHKOBOrC MOJIOFOUIEKCHHHCKOrO BeKa OT 30—32 
no 50—52 Thic. er Ha3aJ. 

6. Ocaqku cilelyioulero XOJIOMHOrO TepHoOda NO BpeMeHH, OYeBHAHO, COOT- 
BETCTBYIOT KaJIMHHHCKOMY, HJIH BTOPOMY HOBOMY OJIeqeHeHHIO B Espone wu nep- 
BOHM CTaHH 3bIPAHCKOrO OeeHeHHA BCuOupu—orT 50—52 yo 65—70 Thic. eT 
Ha3aql. 

7. OrmoxKeHHe HWKeIEKAaMLNX OCaIKOB TeMJOrO NepHoda MpOucxoHO BO 
BpeMA OopeasIbHOH TpaHcrpeccHH (MHKYJIMHCKMM BeK) B HHTepBasle OT 65— 
70 go 110 Thc. wer Ha3aq. 

8. Huxkenexkalive OTMOXKEHHA XOJOAHOFO NepHowa OTMaraducb ye B me- 
puogx Mockosckoro, HH NepBoro HOBOrO, OIeeHeHHA B EsBpone u Ta3s0BcKoro 
B CuOupH — B uuTepBase oT 110 no 140—150 Thic. meT Ha3aq. 

9. Camblii HWKHHH COM OCaKOB, BCKPbITHIX TpyOKOH, (OPMUPOBavICA B MO- 
CEHHH TelJbId NepHoy cpeqHeyeTBepTHYHOH 9m0xH — or 150 ThIc. eT Ha3say 
WM paHee. Hayano 9sToro nepHoya, 10 HMeIOUIMMCA y Hac aHHbIM, He yCTaHOB- 
JIeHO. 

CpaBHuBad aOcOJNOTHbIN BO3paCT MOPCKHX JIOHHBIX OTJIOMKeHHH MO rpyH- 
TOBOH KosIOHKe co craHuuu Ned c Matepvasamu no CepepHo ArmayTuken Ka- 
pavOckomy MOp10, MbI BHM, UTO NOJTYYeHHbIe WHpbl OIM3KH K aHHbIM Yppu 
("), Koroppii Bbijenser Biopm (10—70 TpIc. ser), pucc-Bropm (70—110 Tuic.), 
puce (110—190 rThic. mer) 4 MHHemb-pucc (qo 300 ThIc. eT). 

TakuM 06pa30M, H3y4¥eHHaA KOJIOHKa FpyHTa BMepBHIe Jala BO3MO%KHOCTb 


BOCCTAHOBHTb reoJIOrMyecKky!0 HCTOPHIO MpvaTMaHTHYeCKOH KOTJIOBHHbI Ce- 
BepHoro JleqoBuToro oKkeaHa 3a mepHox mocmequux 160—170 Thic. ner. 


ApkrTuueckait mHcTUTyT Tlocrynusio 


Muctutyt reosorum ApxtuKku eee 


WHMTHMPOBAHHAA JIATEPHTYPA 


‘ 1H. A. Benos. H, H Jlamuna, Ves. AH CCCP, icép; reom.y Ney, 3° (1956). 

A. Il. JIincuunn, Tp. Wucr. oxeanon., 13, 16 (1955). 3 A. UW. MocKksurun, 
Usp. AH CCCP, cep. reon., Ne 3, 20 (1954). 4B. H. Caxc, Tp. ApKTwy. HayunH.- ucc, 
wricT.; 201, 1 (1928)..5 B.iwHi(Cax o SH VA Biewos) Ha H bvilenan na: IIpupona, 
Ne 7, 13 (4955). ®C, A. Akxospnes, -pupoga Ne 10, 14 (1950). 'W. Dy eUrri 
J. Mar Res., Ne 3 (1948). 
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Monuayer Akanqemuu nayxr CCCP 
1958. Tom 122, Ni 1 


PEOHOrH A 


H. C. BECKPOBHbIM 


HE®TENMPOABJIEHHA B BYJIKAHHYECKHX TPYBKAX 
CHBHPCKON TIJIAT®OPMbI 


(I]pedcmaeseno axademuxom H. C. Wamexum 1 II 1958) 


IIpu paspeqke Hukue-Miumckux mecropoxyenuli xenesubix pyr (4) a Ko- 
PeHHDIX M€CTOPOKeHHH asIMasoB B Oacceline p. Busion OpiM OOHApyxeHBI HeEd- 
TeNPOABJICHHA B arOMepaTaX OCHOBHBIX H YJIbTPaOCHOBHBIX MOPOL, BbINOJIHAIO- 
IHX ByJIKaHMueCKHe TPYyOKH. 

B cBa3u C TeOpeTHYeCKHM MHTePeCOM YKa3aHHbIX HEPTeMpPOABJICHHH OHH ObI- 
JIM OOC1EMOBAaHbI ABTOPOM B OOOHX palouax. B nepBom palioue aBTop u3yyas Hed- 
TeNPOABJICHHA B BYJKaHMUeCKHX TpyOKax* ?Kengon —III, Kengon—lIl, 
Kenqon —I1, TarpauKka u Ilacmypupiii. Ynomanyrple TpyOku uMeloT cpeqHHii 
nomepeuHuk 0,5 KM HM Ha MOBEPXHOCTH MpOpbiBaloT FOPH3OHTAaJIbHO 3aJleraroulHe 
MepreyIM BepXHero KeMOpHA, H3BECTHAKH, MepreJIM MW MecuaHHKH OpoBuKa H Mec- 
YaHHKN Cusypa. Kenouckue TpyOKM HaxOfaTcH BS KM K 3anafly OT cBOa 
TyOuHCKOH aHTHKJIMHaIM, MMeloueH LUMpHHYy 3 KM. TpyOxu TatpbauKa u Iac- 
MYPpHbIH mpHypouenb kK KopiryHoBcKoH dbulekcype, OCJIOMHEHHOU Ha 1OrO-BOCTOU- 
HOM Kpblie pa3iomom (M. A. VBamexKo). 

jaa Hyoxue-Maumexux TpyOok xapakTepeH KOMMeHCalMOHHbIN NporHo cy10eB 
B MOJIOCe IIMPHHOM HECKOJIbKO JeCATKOB — Me€pBbIX COTCH METPOB BOKPyr Tpy6- 
KM C yrlaMH HakJIOHa Mopox, Ao 60° B cropouy TpyOKu (7). KomnmencatHouuprii 
mporu6 cilerka yculoxKHeH OJIOKOBOH TeKTOHHKOM BOUM3H Tella TpyOKH. 

DKuaKue HW NOMyxKUAKHe OMTYMBI BCTPeveHbI B CKAPHHPOBAaHHOH TyPoOpekuuy, 
Tpamnme, MarHeTHUTOBOH pyle W MMPOKCeH-KaJIbIMTOBOM CKaPHE B CJIeLYIOUMX HH- 
TepBaylax TpyOKu TaTbauKa: cKBaxkuHa No | 336—351 1 527—551 M, CKBaxnHa 
Ne 3 427 —436 u 459 —555 m u cKBaxuHa No 5 271 —333 M, a Takxe B TpannoBon 
6pekuuH, TyPoOpekuun, Tpanne U XJIOPHT-KaJIbILMT-TpaHaTOBOM CKapHe B CJle- 
Wyiowux UHTepBauax TpyOKu Kenfou-III:cxpaxnuna Ne 6 132—245 M, ckBaxkuna 
Ne 12 35—135 m u cxBaxknua Ne 1488—192 m. B rpannosoi Opexuun KU AKHe On- 
TYMBI HAXOMATCH B CyeAYIOMIHX MHTepBasax TpyOKu PKemqou-I: ckBaxuna No 7 
146—159 m u ckBamuna No 16 199—224 mo. 

Tpepapie Onecramue u aMOp@uble YepHle accpayibTbi BCTPeyeHbI B OOOXPeEHHOK 
Tpannopol Opekunu B 7 wypdax wu 3 KaHapax Ha TpyOKe /Kenmgou-III, B ogHon 
KaHaBe Ha TpyOKe )Kengou-I] u B AByx KaHaBax Ha TpyOxe IlacmypuHbiit. 
)KuiKkue W TBepsbie OHTYMBI H3BeECTHDI H B APyrHX BYyMKaHMUeCKUX TpyOKax 
Huxue-lmumekoro pahona. 

HerenposBuleHuA MpHypoueHbl K TpellMHaM H MyCTOTaM BCeX MOPO/, BbI- 
NOJIHAIOWUX TpyOKH. TpemHHbI C OUTYMOM OOpa3s0BaIHCh NOCNe APyrux 3aKpbI- 
TbIX TPelMH, TaK KaK OHM CeKYT BCe 3aKPEITHe TPeLWHbI, B TOM YHCIe H C OedIbIM 
MeJIKO3@PHHCTEIM KayIbuuTOM. Ho uanye TpenjMHb! C OATYMOM HM IMpHTOM pacnova- 
TaloTcd B pesesax KAJIbILATOBBIX XKUI, Fe YCMOBUA Jit OOpasOBaHHA HOBBIX TPe- 
WMH Obl OWlaTOnpuATHee, UeEM B CaMHX MSBEpXKeHHbIX MOposax. B KavbINTE 
6UTYMbI BLITOJHAIOT OOMbIIMe TPeW{MHI, KaBePHbI, PHe3a MW MOPbI, a TAKE Ha- 
CbILLaIOT MeXK3eEPHOBOE MIPOCTPaHCTBO, OKPALUMBaA KaJIbILMT B XKeNTEIH HW KO- 


* TY. AutunoppiM on TpaktywrTcd Kak rpabeHEt. 
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puunepplii weera. BenuunHa mycror C O“TYMOM B CKapHe AocTuraer AO T EK 


<2 cm® (TarpauKa, ckBaxkuHa Ne 3). 


Xumuueckue anau3pl OuTyMOB, mpoBosuBiuueca H. MW. boropoyunKou, Aaror 

a ° 7 # Z 
HeMpepbIBHbIi PAX OMTYMOB OT THAxKeNOH Hepru K acibambTy”* (TAO. 1). Oto u3 
MeHCHHe OGYCJOBJIEHO MpolleccaMM BHIBeETpHBaHHA HepTH B BepXHHX aCTAX 


TpyOoK. 


Taonuma 1 


OnementTapuplli ananus, % | KomnonenTupii anasus, % 
EMERG BOSS E g é a Xapaktepucruka OuTyma 
menue oOpasia re H s IN +0l|c/H s 3 - e3 : 
s | 89 | Ss g 
SaaS SOM 
Tp. Tarpan- |87 ,68]11 , 68/0, 41) 0,23)/7, 5/60, 27/18, 94) 6,62)15,29) TlonyxugKaa Baskan uep- 
Ka, CKB. No 3, Hai He@Tb 
o14—525 
Tp. Tarpsn- |87, 43/11, 78/0,35} 0,44|7,4)71 , 63/19, 01) 4,93) 4,30} Tlomyxugkan BasKaa uep- 
Ka, CKB. NO 5, Has HeTb 
271—-332 
Tp. Tarpau- |87,26/11,36|0,22) 1,16)7, 7/44, 71/26, 58/13,37/12,48) TlonyauaKaa BasKaa uep- 
Ka, CKB. Ne 4, Had Hed@Tb H TBepsbIi 
336—354 m UepHBIH OecTANIHH ac- 
(adbT 
Tp. Kemou-|87 ,06)10,83)0,42| 1,69]8,0]53, 55/28 ,07| 6,07)11,64) Ilonyxugkan Baska Hed Tb 
I, cxs. Ne 16, M TBepAblit YepHbIH One- 
197—220 m CTAMLHH aciasbT 
Tp. Kengou-|80,24| 9,52]1,35) 8,89]8, 4/50, 21/15,04) 4,75)29,92) TBepzpiat Baskuit Onectsa- 
III, cxs. Ne 6, IMM wepHEI acdasbT 
191—194 m 
Tp. Kemmou-/85,12) 9,55)0,44) 5,22/8,9/40,44)32,07) 9,53/17,64| Tpepapii xpynkui OvecTsa- 
IlI, KaHapa IMM acasibT, MerKO 3a- 
Ne 32, ropaerca OT CHHUKH 
2,1—2,2 m 
Tp. Ilacmyp- |77,93} 9, 57/0, 63/14 , 87/8, 2/12 ,15|17, 20/12, 50/56, 30) Teepanii Onectammi ac- 
HbIf, KaHaBa (panbT, TOPHT H ONaBuT- 
Ne 4, CA, HalleIo pacTBopAeTca 
2,2—2,3 M B xJopodopme 


BuTyMbl MpHypOuveHbl K TPeU[MHOBAaTbIM yUaCTKaM H3BePXKCHHbIX MOPOA Kak 
B WeHTpe TpyOok (7Kesou-II1), tak H no ux nepndepuu vu MmpocmexeHb! B ily- 
OuHy No 550 M. HaOmogaiucb OuTYMBI HM MO TpellHHaM Mepreseli B KOHTAaKTEe C 
TpyOkamu )Kemfon-III u >Kenou-I1. 

Mepresiv HW M3BeCTHAKH OPMOBHKAa, B3ATLIE HAMM B palione TpyOoK Ilacmyp- 
Hb Ww Kemfou-III, comepxatT HUYTOXRKHOe KOMMYECTBO OpraHHuecKOro BelsecTBa, 
He ABJIAIOMLErOCA HeETAHBIM OHTYMOM, 4TO CorsacyeTca c JaHHbimMu A. K. Kppi- 
JIOBOH, H3y4aBLIeH ONTYMHHOSHOCTb OpAOBUuKa. Takum oOpa3om, BCe (baKTbI Lo- 
BOPAT B NOMb3Y BEPTHKAJIbHOH MHIpallHu He*pTH CHH3Y B BYJKaHHYeCKHX TpyO- 
xax Hyokue-Mumexoro patiouna. IIpu stom TpyOKu HaxOJATCA B TAaKMX reouoru- 
YeCKHX YCJIOBHAX — KOMIMeHCAaILMOHHBbIM MpOrnO TOPH3OHTAaJIbHO 3asleraroulux OCa- 
AOUHBIX NOPOX BOKPyF TPyOoK, MPOpPbIBaIOMHX ITH NOPOAbI B CTPyYKTYPHO-nOHH- 
*KCHHDIX YUACTKAX,— UTO MMT palluA HeTH B TPyOKH H3 NOPOL, npopbiBaembIx 
HMH, M10-BHHMOMY, HCKsOUaeTCA. 

B Oacceline p. Bumion Opin w3yuenbr HectbrenposBIeHHA B KUMOepJIMTOBBIX 
TpyOxax Mup, Yaaunaa u 3apnuna. 

Pa3pes ocaouHbIx NOpor B paiione TpyOKn Mup, no JaHHbIM CKBaxKuHbI Ne 29, 
pacnovioxwkenHor B 1,5 KM K loro-3anafly OT TpyOKH, cmekyiommi (cBepxy Buu): 
H3BeCTHAKH H MepreJM HHKHEFO OploBuKa (96 M), KpacHouBeruble MepresmH (112 m) 


* B padore B. I’. Bacuapena u jp. (3), K comanenuw, He CKa3aHO, YTO OMTYMbI H3 Gacceli- 
Ha p. TyObi, (Ba anaau3a KOTOPHIX OHM MPUBOAAT, NPOUCXOANT H3 BYKAHM4eCKUX TpyOoK. 
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K cmambe Beckpoexozo x cmp. 119 


uc. 1. Herb u kBapl B NoMocTAXx uM TpeUlu- Puce. 2. Ilycrorenaa kpyriaaA KOHKpelWA 3 KpH- 
HaxX KHMOepsuta tpyOKu Mup cTaJIOB KBapla C MpociolHKaMH XaJieqoHa, BBI- 
MOJIHEHHAA BHYTPH NOJyKUAKOH HePTbIO, B KHM- 

Oepaute TpyOKH Mup 


K cmambve Catocapeea x cmp. 127 


uc. 2. Licharewia rugulata (Kut.). Hapo, pug Puc. 3. Permospirifer keyserlingi (Netsch.).B proui- 

© cropoHEt Opiournolt crBopKu, Ne 1119/1820, Hast CTBOPKa, BU C BHYTpeHHel cTopouE!, 2 X, 

p. Cok, HimKHeKasaHCKHH NokbApyc Ne 1120/267, p. IluHera, HuKHeKasaHCKHH MOb- 
Apyc 


. 122, No | 


HSBECTHAKH HM 3e/IeCHOBaTbIe MepretH (31 M) BepXHero KeMOpus, C TepepbiBOM 
— Saslerarloulde Ha W3BeCTHAKAX elle He YCTaHOBJIeHHOrO Bospacra (116). 

Ilo JanHHpim pata apropos (*), BaxHoli CTPYKTYPHOM Yeprol paliona TpyOKu 
Mup ABJIAeTCH TEKTOHHYCCKOe HapYIeHHe, KOHTPOJMpyioulee ganayHblli KOHTYP 
HWKHEIOPCKUX TeCUaHHKOB K CeBEPO-BOCTOKY OT TPyOKH HM MpocJexnBaromeeca 
B CpeAneu YacTH KuMOePJINTOBOrO Tea B Bue Opekuuu ApoOeHHA B KUMOEp- 
JIMTe, CKpellJICHHOH KBapiteM. Ilo-BuMMoMy, OHO, BCTPeyeHO H B CKBaxKUHe No 29 

_BuHTeppasie 212—331 mM. B sTom uuTepBase u3BeCTHAKH CHJIbHO TpelllMHOBaTHI, 
MHOra OpeKuMpoBaHbl, YacTO uMeIoT yroul nayenus 20—45°, 7. e. HecyT Ha cebe 
ABHBIC CIeAbI MeXaHHuecKOro BosfelicrBun. M3BecTHAku HM MepresM NO TtyOnHb! 
212 M M M3BeCTHAKH C rayOuHbI 331 M Jo 3a608 cKBaxunb! (355 M) Haxomatca 
B He€HapylWWeHHOM TOPH30HTaJIbHOM 3asleraHHn. 

Herb BMecte C KBapleM, NMPHTOM U FaJIeHHTOM BBINOJHAIOT B KAMOepsuTe 
TtpyOxu Mup nonoctu o6bemom go 6 < 10*4cm? mH mopBO_aMMe K HUM 
TpeumHbt (puc. 1). B nomocrax KuMOepmuTos sBcrpeyaiorca mycrorempie 
KBapIleBble KOHKPelHH WapOBOH opMpI (puc. 2) c TOMMMHON cTeHOK Jo 0,5 cm 
M [MaMeTpoM 03 CM, BbINOJIHCHHbIC BHYTPH NMOJyxKUAKOH Herp. Buyrpex- 
HAA WH BHEWIHAA NOBePXHOCTH MYCTOTeJIbIX KOHKPellMM YCTIaHbI KPHCTasaMu 
KBapla. 

KudKue U TBepAbie OATYMbI 10 TpeulM“HaM KHMOepJIUTOB BCTpeyeHb! B 23 myp- 
(pax M CKBaxKuHAaX NO BCeH MoMlalH TPyOKU uM MpocexKkeHbI WO rayOuns 509 m 
(ckpaxuHa Ne 31). Berpeyentl on Tak»xKe NO TPeniMHaM H3BeCTHAKOB BOJIH3H 
TPyOKH B HECKOMbKUX CKBaKMHAX HU Urypdax. Tak, ckBaxuHa Ne 2 na rayOnne 
98 M BbIlIJIa U3 KUMOepJINTa B OpeKUnpOBaHHbIi U3BeECTHAK, CHJIbHO NponMTaH- 
HbIM YUKON HepTbIO. 

PKHAKHK WM TBepAbI OUTYMbI BMeCTe C KaJIbILMTOM, THNCOM MH HHOrLa cepok 
NpOcwlexKeHbI 10 TPeuLHHaM BCex NOpOR AO Camoro 3a60K cKBaxHHbI Ne 29. Han6o- 
Jiee MHOPOUNCJICHHbIe OUTYMOMPOABJICHHA OTMCUCHHI B H3BECTHAKAX 30HbI TCKTO- 
HHYeCKOPO HapyUeHHA. Secb Ke B HHTepBasie 213, 60—214, 70 M xuyKaa Heth 
CHJIbHO MIPOMHTHIBaeT H3BeCTHAKH. BO BCKPbITOM CKBaxKHHOH pa3pe3e KeMOpuA 
HM OpfOBuKa BCTPeveHbI MPOCNOH W3BECTHAKOB, CIaOO MpOMHTAaHHbIX HeTbIo 
HW W3arwoulux mpu yape 3anax KepocuuHa. 

B HeKOTOpbIX TOPHBIX BbIPAOOTKaX HW CKBaxKUHAX 0 TpeulMHaM B kKHMOepuJIN- 
TaX IMMpHHOH JO 3 CM OTMeUeHbI MPOABJICHHA OPaHKeBO-2%KeJITOrO O80KepHTa 
BMeCTe C TBEPAbIM TEMHbIM OHTYMOM, IPH STOM OSOKepuT TAFOTeeT K CPpeHHM 
yacTaM TpeuHH. B Apyrux ciryuaix CpeqHAA YaCTb TPeUIMH BbINOJIHeHa KBapIleM 
HM OTJIOMKUBUIMMCA NMOCe Hero O€JIbIM KaJIbI[MTOM, a TO KpaAM TPellHH pasBUT 
O30KepHT H TBepAbI OuTYM. O30KepHT BMeCTe C TEMHbIM OHTYMOM OOpas0BaJIHCh 
M3 HepTH, KOTOPad MUTpupoBavia 10 TpyOKe, BUAMMO, paHbule, YeM HaOOMaeman 
HbIHe B KHMOepJIMTe 2%UAKaA Herb. 

Tpy6ku Yaaunaa u SapHuya (Oaccelin p. JasbIn) MpoppiBaioT Ha MOBepXHO- 
CTH H3BECTHAKH, 3CJICHOBATHIe MepreH HW JOJIOMUTHI HW*KHEPO OPAOBNKAa H TIPH- 
ypoueHbl, Kak H OoubUIMHCTBO TpyOoK 2gTOrO paliona, K JByM (peKcypam (°). 
Ilagenue nopox HuxKHErO OpOBHKa B paloue CocTaBAer NOM Ppalyca U TObKO 
B pefelax KPYTbIX KpPblIbeB *lekcyp upHO.MxKaetca K 1°. 

[IposBmeHuaA MOWy2xKUAKUX HM TBepAbIX OMTYMOB BMECTE C KaJIbILMTOM, IIMpPH- 
TOM HM HHOra KBaplleM 110 TPpeuHHaM B KHMOepwMTAax TpyOKH Y1ayHaa OTMeYeHbI 
B 25 urypdbax M CKBaxKHHAaX NO BCeli MOMaqH TpyOKu No ryOuubi 192 m (cKBa- 
una Ne 14). Taepapili Ourym oOOnapy2KeH B HeCKONbKUX Uypdax Ha TpyOKe 
Sapna. [pu ropuprx padorax B 5 wrypdax TpyOxu Sapuuma u B 3 uTypdax Tpyo- 
Ku YjlauHaAd Obl BCTPeCYeHbI HHTCHCHBHDIC BbHIJeJICHHA YIJIEBOMOPOMHEIX Ta30B 
W3 TpeulHH KHMOepJINTOB HHOra CO CaObIM WTYMOM H No, HaNOpoM. Mutencus- 
HOCTb Pa3OlPOABJICHHI He CHHKAaMACb B TeYCHHe MECAILa NO 3akpbITHA UTypPor 
(B. H. Ulyxun). [Iponsomo HeckobKO B3PbIBOB asa B iypipax OT HeOCTOPOX- 
Horo oOpamenusa c orHem. B HeKkoTopbix ulypdax Ha TpyOKe GapHulla BbIeIA- 
JIMCb Heroproune ra3bl. ; 

HedrenposBsenus H3BeCTHLI H B KUMOePJMTOBbIX TpyOKax Oaccelna P. Oute- 
nek. Buarogapa mo6esnoctu P. K. Opxesnua u M. A. KpyroapceKoro Ham fo- 
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ayueHb! OOpa3iipl achaibra us TpyOok Hayanbnaa (p. Anaxur) u Jlenuurpay 
(p. Omouooc). 

>KudKue uw TBepsble OUTYMbI B TPell\HHaX BCexX MOPOA HHKHErO OPLOBHKa, 
a TaK2Ke MpOCJION H3BECTHAKOB, CaO MpONMTaHHbIX He*Tbio UC 3amaxoM Kepocn- 
Ha, 3AperHCTPHpOBaHbI BO MHOPMX CKBaxKHHAX B KOHTaKTe C TpyOKoH YAauHas 
WB OOHaxkeHuax no p. lamp. OTH xe OTO2%KeHUA BOO KM K 3arlaly OT TPyYOKH, 
B JouMHep. Anakur, He Cofep2KaT HUKaKUX OuTyMonposBseHHi (K. K. Maxapos). 
Haxoxyenne Hebru B TpeuluHax KHMOePJIMTOB WM TOPH3OHTAIbHO 3aseraroulux 
NOpo, HW2KHETO OPAOBUKA, MPOPbIBAeMbIX STHMH KHMOepsIMTaMH B OacceHe 
p. Busios, ykKa3biBaeT Ha BepTHKaJIbHY!O MHI pallMio HeTH CHU3y. OTO xe NOL- 
TBepxKlaer MW acCOlwallNA HeTH B TpellMHaX KHMOePJIMTOB C MMHepaslaMH FHI- 
POTePMaJIbHOFO MpOUCXO*KAeHuA (KBap, CysbdpuALI MU Ap.). 

TloaTBep2KleHueMm TOPO, YTO OMMCaHHbIe HAMH He*TenpoOABJICHHA B BYJIKaHv4e- 
CKUX TpyOKaX MMEIOT 3AKOHOMEPHbI XapakTep, ABJIACTCA HAJIMYMe AHAJIOFMUHbIX 
HePTelPOABJICHHH B BYJIKaHHYeCKUX TpyOKax Apyrux crpau (°"!*), Haxoqanxca 
B CaMbIX Pa3JIMUHbIX TeOJIOTHYeCKHX YCJIOBHAX. 

Tax, accbambT u3Becren B TpyOKax Boctounoro Malida (MWornangua), JIu- 
Manu (Ppanunsa), UBa6un (Zanaguaa Tepmanua) u Bopxauuct (lOxnaa Ad- 
puka). YrueBpoqoposnple ra3bl onucaHbI B TPyOKax KumOepsieH u Bysrdouteiu. 
Ormeuyaiorcs HM KapMaHbl c Herp (1°) B KHMOepsMTOBLIX TpyOKax TOxuHOoH 
Adpuxku, 

Bee 9TH TpyOKM HaXOAATCA B He(PTeHOCHBIX palioHax. TowbKO B JIuMaHu OblI0 
NOJYYeHO HHYTOXKHOE KOMMGeECTBO HeE*PTH H3 CKBaXKHHBI. 

ABTOp C¥UNTaeT CBOeH NPHATHOH OOA3AHHOCTHIO BbIPa3HTb IMPH3HAaTeJIbHOCTh 
npod. H. A. Kyapapuesy 3a yKa3aHHA Mp BbINOJHeEHHM padoTbI HW WeHHbIe 3a- 
MeywaHHA MpH npocmotTpe JaHHOH pyKonucn. 


Beecow3Hni He@TAnOl Hay4HO-HCCueoOBaTebCKHL Ilocrynusio 
reosoro-pasBeqOuHE HACTHTYT 30 I 1958 
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LEOHOPHA 


| M. ®. J[AMIKO | uv C. Tt. PPAAWHA 


HOBbIE JIAHHbIE NO PACIIENMJIEHHIO YFrOJIbBHbIX NJIACTOB 
KAPArAH]AHHCKOFO BACCEHHA 


(ITpedcmaeaeno axademuxom J. B. Haauexunoim 6 II 1958) 


PaOotan B TeYeHHe MHOFHX JleT Ha W3y4eHHeM BOMpoca reomOrHu, TeKTO- 
HHKM MW CTPOCHHA YrOJIbHbIX MacToB KaparaHwMucKoro OacceliHa, MbI CMOrIH 
coOpaTb MaTepHadl MO paciulenJeHHi0 YFOJIbHbIX MIaCTOB, MO3BOJIAIOWLMH M0-HO- 
BOMY TOJIKOBaTb CHHOHHMHKY H€KOTOPbIX YFOJIbHbIX IIaCTOB HW OCOOeHHOCTH UX 
pa3sBuTua. 

TIpumepbr pacujenmeHnuii B YrOMbHbIX TWlacTaxX KaparaHAMHCKOM CBUTHI Yyjla- 
JOCb HaOJOLaTb Ha TAKHX YCTOMUMBHIX B Paspese HM BbIeCPXKAHHbIX Ha MIOWaLU 
YIOJIbHbIX MlacTax, Kak ky, (Bepxuan Mapuanna) u ky, (Uerpipexdyrospiii), 
MepBbIM H3 KOTOPbIX ABJIACTCA JIMUb COCTABHOH YaCTbIO HH*KeTekalero Macta 
ky, a BTOopo —nuacra ky; (Iecrudyrosoro) (puc. 1). OOe nappbl compsaxKeHHbIXx 
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Puc. 1. Cxematuueckuli pa3pe3 cpeazneli uacru KaparanyzMuckol CBUTbI (pH yCJOBHOM 
yw300paxKeHuu muiactra ky, B POPH30HTaIbHOM MosomwKeHun). DPawnn: 1 — OomoTHasx UH O3ep- 
Hav, 2 — peuHbiX pycent. k1;—Rkyy— WHAeKCbI YFOJbHbIX I1aCTOB 


YIOJIbHBIX aCTOB B MpakTHKe Me€CTHBIX Teo/OropasBeQOUHbIX OpraHHusalluii 
Bcera paCCMaTPpHBaJIMCb Kak CAMOCTOATCJIbHbIC MaCTbI, ITO, KAK YBHMM HMXKe, 
He COOTBETCTBYeT HCTHHE. 

JleraJibuble UCCeAOBaHuA, MPOH3BOAMBIIMeCA B TeYeHHe MoceqHUXx 7—8 JleT 
rpynnoi corpyqunKos Jla6opatopun reonoruu yrais' AH CCCP no usy4enuio JIn- 
TONOFHN, (palluli H CTPOCHHA YFO/bHBIX MaCcTOB KaparaHMHCKOl cBuTbI (*,°,"") 
now, pykopogzctsom A. A. Tlerpenko, no3BoJIMIM moceqHeMy BBICTYMHTb (*) 
C JIOBOJIbHO OOOCHOBaHHbIM YTBepxeHHeM, YTO OTOXKeHHe KaparaHAMHCKOH 
CBUTHI MpOXOAMO Ha*oune HeMmpepbIBHOrO TosbeMa OOWMPHOH OOsacTu Llentpavb- 
Horo Ka3axctaHa, B pe3yJIbTaTe HapaCTaHHA PerHOHaJIbHbIX ABUXKEHMH CpeHe- 
KapOoHOBO wu CyeTcKOH oporeHuyecKkon (pasbl. Buu3Koro B3rvisia Ha yCJIO- 
BUA OOpas0BaHHA KaparanMAcKol cBUTbI MpHepxuBaerca uM. C. BpiKkosa 
(1), HecMOTps Ha pacxoxeHua ee c A. A. [lerpenko B olleHKe Bo3spacta CBHTHI. 

BuwAHMe TeKTOHHYCCKOTO pexkuMa Ha Maseoreorpaduyeckyio CMeHy yCJIO- 
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BH OCafKO- HM yruieHakonueHua B KaparaHHHCKOM OacceHH€ MOXHO CUHTaTb 
yCTaHOBJICHHBIM. 

XapaktTep KoleOaTeIbHbIX JBHXKCHHH WM HX HalpaBJICHHOCTb OTUYECTJIHBO 
CKa3bIBaIOTCA Ha MOCMeLOBaTeIbHOM CMeCHe Pa3JIMYHbIX CJIOCB B BEPTHKAJIbHOM 
HalpaBJIeHHH, OlarosapsA yey OAMHAKOBbIe UJIM OJIM3KNe TEKTOHMYCCKHE PexKH- 
MbI JaleKoro MpouWIOrO OTparxkaioTcA B paspesax OCaLOUHDIX Tom. B yrae- 
HOCHOH TOJILe, KAK H3BeCTHO, CaMbIM XapaKTePHbIM HM JOCTOBEPHbIM ABJIAeTCH 
pacnpejleseHuve yrOJIbHbIX MacToB. CxOJCTBO B pacmpeeJeHH YIOJIbHbIX Msac- 
TOB B pa3pe3aX OTeJbHBIX OacceHHOB H MeCTOpOxKeHHH MOxeT, WO U3Be- 
CTHOH CTeMeHH, YKa3bIBaTb Ha CXOJCTBO TCKTOHHYCCKHX YyCJIOBHH copmMupo- 
BaHHA 3THX OaccelinOB M MeCTOpoxAeHuHM. Camo coOoH pasymeeTcx, 4TO 
MOJHOrO CXOJCTBA B pa3spe3ax YIJIeEHOCHBIX TON, pas/IMYHbIX OacceHHoB 
HHKOrAa He OplBpaeT, HOO MpakTHKa NOKASbIBaeT, YTO YFOJIbHbIe MMaCcThl WaKe 
B OJHOM MH TOM xe OaccelHe, BCJIECTBHe HEOMMHAKOBOH MOL{HOCTH Me2KIIJIacTO- 
BbIX CJIOCB, 3AHHMAIOT Ppa3JIMUHbIM CTpaTurpadpuyecKHH ypOBeHb H 4YaCTO 3a- 
jleraioT Ha NOposax COBePIIeCHHO HeCXOZHbIX (pallMaJIbHbIX THMOB. OOmHOCTb 
TEKTOHHYCCKHX Pe2%KUMOB HU, KaK pe3yJIbTAaT, OOULee CXOACTBO Paspe30B ABYX WJM 
HECKOJIBKHX OaccCeHHOB MOryT CJIYKUTb OTUACTH HM MOKA3aTeJIbCTBOM OHOBPe- 
MCHHOCTH HX OOpas0BaHHsA B KPYyMHOM TeosorMuecKoM BpeMeHH. Cam m0 cede 
OTJCJIbHO B3ATHIM TeCOTEKTOHMYCCKHH TpH3HaK, KOHe€4HO, HE MOXKET CJLYKUTb 
OOOCHOBaHHeM JlJIA YCTaHOBJICHHA BO3PaCTa YIVJICHOCHBIX TOJIM; HO B COBOKYII- 
HOCTH C MaJIeCOHTOJOPH4YeCKHMM JaHHbIMH, PpaBHO KaK HM JaHHbIMM 10 MeTaMOp- 
(bu3My yrueli H BMeULaIONLHX NMOPO, CTPOeHHIO YTOJIbHbIX IIaCTOB H UX MeTpo- 
rpacuueckomy CocTaBy, OH, Oe3yCJIOBHO, OJbKeH YUHTbIBATbCA, ECM CIOeOOpa- 
30BaHHe MbI PaCCMaTPHBaeM Kak Pe€3YJIbTaT KOJeOATeIbHBIX JBHKeHHH. 

Bnosue ecrectBenuo, uto A. A. JlyOunckul (?) mpH cpaBHeHHu pa3pe30B 
yIJIeHOCHBIX TOM Ky3Hemkoro u KaparaHfquncKoro OacceliHoOB yka3bIBaeT 
Ha 3aMeTHO BbIPaxkKeHHoe OOee CXOACTBO B XapakTepe pacmpeesleHHA yroJb- 
HbIX MWJIaCTOB B 3THX OacceHHax, OOBACHAeMOe OJIM3KHM TEKTOHHYCCKHM P@xKU- 
MOM OOOHX OacceHHOB B Mepvo OOpasoBaHHA YIVJIeCHOCHBIX TOL. Ha 3sTo cxox- 
CTBO YKa3bIBaeT Tak2Ke H HaJIMUNe PacileMJIeHHH B HEKOTOPbIX YFOJIbHbIX m1ac- 
TaX KaparaHMHcKoH cBuTHI KaparaHyMucKoro OaccelHa. 

KaparaHMHCkad CBMTa, KaK M3BeCTHO, ABMACTCA HaHOoslee yrIeHAaCbILeH- 
HOH B paspese yrvleHOcHOroO KapOoHa KaparaHJbl, IpW4emM CaMble MOMLHbIe yrOJIb- 
HbIe WaCTbl IpHypOueHbl K HaHOOJIee MOLLHbIM PHTMaM, B HaOOpe (pallu KOTO- 
pbIX MpeoONaqaroT OCANKH KOHTHHEHTAJbHbIX MOMMCHHO-PYCJIOBbIX WH O3€PHBIX 
cpauni. IlopropsemocTb B BepTHKaJIbHOM pa3pe3e OmpelemeHHOro HaGopa (pa- 
IMM, NOAYEPKUBAIWULaA PHTMHYHOCTH B CTPOCHHH YIJICHOCHBIX CBUT, BIEPBbIe MIA 
Kaparangpl Oba ycranopsena I. A. MBanoppm u II. ©. JIn B 1938 r. B ganp- 
HeHIueM Ha Oojlee WHPpOKOM MaTepHasie BCelt yruieHocHow Toma Kaparanyr 
PHTMHYHOe CTpoeHHe MPOAYKTHBHOrTO KapOoHa NosyunO HanOomee momHOe 
M BCeCTOpOHHee ocBemjeHue B padorax ((?,5,°,1° 1?) ap.). 

Cieqyer OTMeTHTb, UTO NepBOHAYabHOe Ha3BaHve puTMOB B KaparanfHH- 
CKOM OaccelHe JlaBaJlOcb BCeMH HCCJIELOBaTeJIAMH MO OCHOBHbIM YTOJIbHbIM 
MlacTaM, YYaCTBYIOULHM B CTPOCHHH KaxKAOFO PUTMA, BKIOUaA UH pacilenuBLINe- 
ca nstacta. [lostomy cymecTBy!oT pHTMbI muiacToB ki, Rie, kis u kia, XOTA Ma- 
cTbl kit WM kia ABJIAIOTCA TOMbKO HMXKHHMU YACTAMM PACIeCMMBIIMXCA MacTOB 
kia MW kis. Sto ne 3HauNT, UTO (hal\MaJIbHO-puTMMYeCKHM MeTOL U3yYeHHA yruie- 
HOCHBIX TOJIUIL ABJIN€TCH HACTOJIbKO HECOBEPINCHHbIM, UTO YaCTH OMHOTO YFOJIb- 
HOFO IiaCTa MPHHUMAIOTCA 3a [Be COBEPMICHHO CaMOCTOATEIbHBIe CTpaTurpadu- 
yeCKHe CAHHUIbI — PHTMBI. OTO yKa3bIBaeT TOJILKO Ha TO, 4TO 1) TaK Ha3bIBae- 
MOC PaCIICMJ€HHeE M1aCTOB ABJIACTCA Pe3YIbTATOM Pa3JIMUHOM TeKTOHHUECKOII 
MOABUKHOCTH OTCJIbHbIX YUaCTKOB (pyHamenta OacceliHa B NepHoy dopmupo- 
BaHHA YIIeHOCHOH Tos; 2) pasiMuHadt NMOABMXKHOCTh yuacTKOB Oacceitua 
TeCHO CBSH3aHa C KOMeOATEIbHBIMH J[BYXKCHHAMH; 3) KONeOaTebHbIe JBYXKeHHS, 
BCJICICTBHE Pas JIMYHH B PasMepax aMIIJIMTYAbI KOMeOAHUM, MOFYT HMeTb HECKOWJIb- 
KO OrpaHW4eHHOoe CTpoeHue, TO B panuilax OWHOrO OacceliHa MOx*KeT mpuBecTH 
K COYeTAHHIO HECKOJIbKUX NepHOLOB KOMeOAHHH, B Pe3yJbTATe KOTOPHIX BOSHHK- 
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HeT NOJHbIM HaOop cau; 4) moHOe KOMeGaTeEMbHOe ABUXKEHHE MOET TpousoH- 
TH B OTHOCHTEJIbHO KOPOTKHH MpOMexKyTOK BpeMeHH, YTO ToBOpHT O Kpailiueli 
MOOWJIbHOCTH (byHaMeHTa yruleHOCHOM TomUH B OacceitHe. 

KaparanquucKan CBHTa, Kak OjHa M3 HaHOoslee NMOMHO W3yYeHHbIX CBHT 
B Oacceiine, MJlaCTbI KOTOpOH B TeyeHHe SOosee 25 mer no~BepraioTca CucTemMaTH- 
yeCKOK paspaOoTKe WaxTaMM, OTMMYAeTCA CJeLYIOUIMMU XapaKTepHbIMH Yep- 
TaMUu: ; 

1. Pacnpefesenne yrouibubix m1aCTOB B BepTHKaJIbHOM paspese JOBOMIbHO 
PaBHOMEPHO, MpH4ueM HaMOO/Iee MOUIHbIM TJIaCTaM COOTBETCTBYIOT H CaMbIe MOIII- 
Hble pHTMbI (k7, ky, Riz, Ris). 

2. MouyHocrb oTyebHbIX PHTMOB KOme6eTca oT 15—20 yo 100—145 m. 

3. Hospili putM, Kak MpaBusio, HayMHaeTCH C pasMbIBa YaCTH HMKeeExKaero 
PpHTMa HW OTJIOXKeHHA PYyCJIOBbIX calli. 

4, Tlopoysl, BMemlaroulue yroubHbIe miacrsl, mpedcTraBuleHbl Ha 70—78% 
eCuaHHKaMH PeUHbIX (alu —pycen, MOWM, cTapull. 

5. OcHoBuble paOounve yrouIbHBle MaCTbI M BMeULaIoNlHe HX MOpOAb! BHITep- 
XKUBaIOTCA Ha BCeH WeHTPaJIbHOM YacTH OacceltHa HaCTOJIbKO XOPOUIO, ITO OHH 
He ycTynaiT OacceliHamM C MapaJIHueCKHM CTPOCHHeM YIVICHOCHBIX TOVJIL, He- 
CMOTPA Ha THNMYHO KOHTHHCHTAJIbHbIe YCOBMA OOpasoBaHuA CaMoli Kaparan- 
JIMHCKOH = CBUTHI. 

6. Bee yroububie nacTbl padouel MOLLHOCTH OGJIaaloT CJIOXKHbIM CTpoeHHeM, 
a HaMOoulee MOUIHbIe H3 HUX, NO TepMuHosoruu A. A. JioGep (7), ornocatca 
k Ppynnme CIOKHO 3aKAaHYMBAaIOulNXxcsA. 

7. YroulbHbIe MiaCTbl OOJIaaloT HEMPepbIBHOCTbIO 3asleraHHA, 3a MCKJIIO- 
4eHHeM yYUaCTKOB C 9PO3HOHHbIMH pa3MbIBaMH, XapaKTePHCTHKAa KOTOPbIX IIpH- 
BosuTcA B padotax (?, }%). 

8. Purmpl cpeqHel u BepxHeli uacTel KaparaHJHHCKOM CBUTbI XapaKTepH- 
3YIOTCA OFPpaHHYeHHbIM HaOopoM Calin: OOJOTHBIX, OSCPHBIX HW PeUHbIX — MpH- 
ueM MOUIHOCTh peUHBIX cballuH (mecuaHHKOB) ABHO mpeoOJlaaer Haj, BCeMH 
ApyrumMu tTunamMu (ani. 

9. MoulHocTb cpeyqHeH uacTH CBUTbI (OT MIacTa k,, WO miacta kis) 3aKOHO- 
MepHO YyBeJIMUMBaeTCA B HalpaBJIeHHH C CeBepoO-BOCTOKAa Ha 10ro-3amay, LOCTU- 
rad Ha CeBepoO-BOCcTOKe KaparaHAHHCKOH CHHKIMHaIM 190 M, a Ha loro-3anajle 
325 M. 

10. B sToM xe HallpaBAeCHHH MPOHCXOJUT MH PacuenJIeHHe MOLL[HbIX YFOJIbHbIX 
milacros. Or miacra is orujenuuica miact kia, KOTOPbIM B WeHTPaJIbHOH HU 10ro- 
3anaqHoH 4uacTAX MMeeT CAaMOCTOATeJIbHOe 3HAYeHHe, BIVJIOTh JO BbIAeeHHA 
puTmMa macta kia. 

Pacujenienue miacta Riz Ha miactht ki2 4 kit MPOHCXOANT B BOCTOUHON YacTu 
WWaXTHBIX moe NeNe 22 u A, pacnowoweHHblx B S—10 kM Ha wro-3anayl OT WaXxT- 
HbIX moe Ne Ne 33/34 u 35, rae 3abuKcupoBaHO HauYasIO pacuenweHuA 
miacta kis, 

Crporo roBops, mpoucxoyUT pacujenseHue He nacta ki, a nuacta ku, 
KOTOPbIit HaXOMHTCA CTpaTurpapuyeckH HwKe MIacTa kiz, H, HCCOMHeHHO, 00- 
pasopasica panbune ero. Ho nockoubKy B CBoe BpeMa, Oovlee 50 eT TOMy Ha- 
3a, mepBad crpaTurpaduyeckad KOJIOHKa YIJIeHOCHBIX CBHT KaparaHAMHCKoro 
Oaccelina Obiuia cocraBseHa Ha IIpompuuiieHHOM yuacTKe, rye mlacr ki OTcyT- 
crByer, TO mulacry kiz ObIo mpucBoeHo HasBanue Bepxuaa Mapnauna. [spe- 
CTHO Tak2Ke, 4TO MacT kig ABJIACTCAH MOMLHbIM H BbIep2xKaHHbIM [JIaCTOM, O- 
cTuraroulum 6,5—8,5 m momHocTH. K Tomy Ke MosIOx*KeHHe eFO B pa3spese CBHTHI 
ABMACTCA MAPKUPYIOULUM, MOSTOMY MCHSATb HHAeKC MlacTa B HaCcTOAee BpeMA 
Hellemecoo6pasHo, XOTM B JelicrBuTetbHOcTH rMacT kiz (Bepxuan Mapuanua) 
ABIACTCH IacTOM Rut. 

PacuyeneHve yrOJIbHbIX MlacTOB kiz HW kis yCTaHOBJIeHO HaMH Ha JOCTOBEp- 
HbIX MaTepHaslax WaXTHOM TeOJIOrHH HW AeTAaJIbHbIX Pa3sBeJOK WaXTHBIX IOJIeH. 
B kaparaHqMHckoi CBUTe HaMM BbIABJIeHO paciilemlenHe H psa Apyrux yrodib- 
HbIX MwIaCTOB, KaK Hampumep muiacra k, (Caoucroro) u ka (BpuuecpeqHero), HO 
pacnlenieHUA 3THX MIaCTOB YCTAHOBJIeHbI Ha OPPaHHYCHHDIX MOULANAX. Orpa- 
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HHYCHHOCTh 9Ta, BOSMOXKHO, OOYCOBJIEHA ele HEMOCTATOYHOH pa3sBeaHHOCTbIO 
HMOKHUX TJlaCTOB CBHTHI. 

B cepepo-BOcTOuHOM YaCTH WeHTpaJibHO-KaparaHAMHCKOH CTPYyKTYypbl Ha 
BepXHHX TOpH30HTax mwaxT NeNe 35 u 33/34 umMeeTca TObKO ORMH MMacr Ris, 
o6mlait MOUHOCTh KOTOporo AocTuraer 4,50—5,00 M, a MOUIHOCTb YrOJIbHOK Mac- 
cpt 3,80—4,10 m. Ilnacr umeer cloxHoe crpoenue u mpeszctaBieH 7—8 yroub- 
HbIMH TlauKaMH, paseJeHHbIMM MpOCOHKaMHM aplruJIMTOB WM YIIMCTbIX aprHu- 
jiutTos. KoadipulluexT 3acopeHHocTu (OTHOWICHHe CYMMbI MOU[HOCTeH MOPOAHbIXx 
MpOcwOHKOB K OOULel MOULHOCTH mMIacra) KomeOneTca oT 21 No 36. Hoposupre 
IIpOCJIOH B WlacTe HeyCTOHUMBbI 10 MOU[HOCTH H MMeIOT JIMH3000pa3HbIM Xapak- 
rep. Ha nw2kHem ropu3onte maxTE! Ne 35 u B 3amaqHOM Kpbie maxTbI Ne 33/34 
B} BepxHel wacTH MlacTa kis MOABAeCTCA MIPpOCMOH AaPFHJIJIMTOB, MOLLHOCTbIO 
0,20 mM, KOTOpbIH 3aKOHOMepHO YBeJIMYMBaeTCA B 1OrO-3aNaqHOM HalipaBJIeHHH. 
3HauHTeIbHOe YBeJIMYeHHeE MeKMynaCTbA MPpOMCXOAMT 3a CueT NOABICHUA 
M€CYaHHKOB, MOWLHOCTb KOTOPbIX MocTuraeT 35,0—64,0 m. C nosBJIeHHeM B Mex- 
JkymslacTbe MeCUaHHKOB B paspese KaparaHAMHCKON CBUTbI HAYMHAeTCH CYyLLeCTBO- 
BaHue JBYX CAMOCTOATEbHBIX WacTOB: kis u kia. []acrel wu pasedaroulme Ux 
TeCUaHHKH BbIepKMBAIOTCA Ha PpOMaAHON MIoWayu OacceliHa, XOTA MOI[HOCTb 
MeCYaHHKOB, a PaBHO MOIIHOCTb HW CTPOeHHe TVIaCTOB NOJBePXKeHbI 3HaYHTeIb- 
HbIM KOeOaHHAM. 

Pacuyensenue muiacta kiz HaOsoJaeTcaA TaK2xKe B BOCTOYHOH YaCTH KaparauH- 
JMHCKOM CHHKJIMHAJIM, Ha mouax maxT NeNe 22 u A. Hauano pacijenenua xa- 
pakTepH3yeTCA MOABJICHH€M B HMKHeEH Mauke MlacTa NOpoxHOrO mpocwos, 
MOLLHOCTb KOTOPOrO B 3aMaXHOM HallpaBJIeHHH JOBOJIbHO ObICTPO YBeIHMYMBaeTCA 
ot 0,02 m na none maxTnr A Zo 2,60 Ha cmexKHOM 1axTHOM noe Ne 22, u Jo 
6,0 M Ha waxTHoM nove Ne 23. 

TlopoqHbIm poco BHaYase MpeACTaBJIeH TOJIbKO aprHJJIMTaMHu, a 3aTeM, 
IPH YBeIMYCHHH MOMLHOCTH, B paslesmrolle miacThl kW k1z MaUKe MOABJIAIOTCA 
MeCdaHHKH HU aJIeBPOJINThI, B TO BPCMA KAaK APFHJVJINTbI CaraioT JIMUIb Hemocpel- 
CTBCHHYIO MOUBY H KPOBJIO MvacToB. C NOABJIGHHeM MeCYaHHKOB MOILHOCTb 
MaukH, pasfleIAIouleH yrOJIbHble mwiacTbt ki u kiz, Bo3pactaer Jo 20—30 mM u 
yocTuraet Makcumyma (40 m) Ha AmaGaccKoM yuacTKe, paCnOJI0%KeHHOM B 10Fo- 
ganaqHon uactu LlenrpabHOo-KaparaHMHCKOH CHHKJIMHaJIH. 

HanOouburue MouHOcTH Miacta iz (7,5—9,0 m) 3acbuKcupoBaHbI B BOCTOU- 
HOM 4aCTH Ha3BaHHOH CHHKJIMHAJIN, T. €. TaM, Pe OH He paciileneH HH pacujen- 
JleHHve eFo TOJIbKO HaunHaetca. B 3anayHou W 1Oro-3aNaHOH YaCTAX CHHKJIHHAJN, 
rye muiacta! kie WH ki CyllecTByIOT pasyeitbHO, mact kiz MocruraeT MOULHOCTH 
4,5—5,0 mM, a muact ki oOperaer paGouee 3Hauenue, BocTruran 0,80 —1,0 m. 

Tleneynnoyopaa dbayHa, COMyTCTBy1oOlllad MOposaM KPOBJM macTa Riz, KaK 
mpaBulo, BCTpeyaeTcaA HM B apruNTaX KpOBIM Muacta kin. 

Ms 0xKeHHbIe MPHMepbl pacilenJeHHA YyPOJIbHbIX MaCTOB He OMMHOUHEI B 
KaparaHJMHCKOH CBuTe H HaOwOMaloTca BO BCeX ee uacTAX. Bomee Toro, mo,o6- 
Hbl€ ABJICHHA MMCIOTCA HW B MOACTHMAIOUleH allIAPHKCKOM CBUTe H He HCKJIOUeHBI 
B Ooslee MOJIOQbIX «BEPXHHX YIVJICHOCHBIX CBHTaXx» GOacceiina. 


Yeonornueckult Tpect «Ka3ax yriereonorns» Tocrynus0 
r. Kaparauza 11 I 1958 
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Jloknangn Akayemun Hayk CCCP 
1958. Tom 122, Ni 1 


MAMTEOHTOJJMOL H si 


A. Jj. CJUIKOCAPEBA 


POJAbi LICHAREWIA EINOR HW PERMOSPIRIFER KULIKOV 
B KA3AHCKOM MOPE PYCCKOH MJIAT&OPMbI 


(ITpedcmaeaeno axademuxom C. H. Mupoxoseim 19 IV 1958) 


CyujecTBoBaHve AByX POMOB CpeqM KasaHCKHX (BePXHeMepMCKUX) CHupH- 
(pepHy, Cc rayqkuM CHHYCOM MIpH3HaeTCA JameKO He BCeMM MasleOHTONOrTamMu — 
MOxXeT ObITb NOTOMY, YTO HMECIOWIMECA B JIMTepaType ONMCaHHA HX HeNOVIHEI. 
IIpu H3y4eHHH BHYTPeHHEFO CTPOeHHA 9THX POAOB C MOMOMIbIO Cepuu NpHUIN- 
OBOK ObIJIH BbIABJICHbI HOBbIC YePThI PasMYuA MexLy HHMM. OnucaHHne 3THX 
yepT H ABMAeCTCA 3afayeH JaHHOW CTaTbH. 

Kasauckue Cnupudepbl, BepBble MOIHO onHMcaHHBIe A. B. Heuaespio (’), 
ObIIH HM pasfemeHbl Ha 3 rpynnpl: rpynny Spirifer rugulatus Kut., rpynny 
Spirifer schrenki Keys. u rpynmy Spirifer keyserlingi Netsch. B ocuosy 9roro 
AeeCHHA ObIIH MOJIOXKeHbI, TaBHbIM OOpa30M, BHeUIHHe MpH3HaKH, a HMeHHO: 
cbopMa H BbICOTa apeu, (POPpMa PaKOBHHbI HW, KPOMe TOPO, XapakTep H BeMUHHA 
MakyuleuHoro 3anouHeHua. TlosqHee M. E. Mupuuux (°) u M. B. Kysauxos (°) 
OObeMHHIH Be rpynnbl — Spirifer schrenki Keys. u Spirifer rugulatus Kut. 
B 1939 r. O, JI. S¥Hop BEIemu OTHOCAUIHeCA KO BCeM MepeyHCJIeHHbIM Ppyn- 
aM Ka3aHCKHe CnupHdepbl B HOBHIN mMOApon posa Spirifer — Licharewia (*),c 
THMMYHBIM BuZOM S. stuckenbergi Netsch. Ilo sromy nosogy onjnucan: «pynna 


“IJ@XIUTCHHOBbIX CHMUpHdepoB HacTOJIbKO XOpolo OG6ocobeHa OT Apyrux mpe- 


cTaBuTeneH poya CopepOu, pacnpocTpaHeHHbIX B CpefHe- H BepxHenaeo30l- 


-CKHX OTJIOMKECHHAX, UTO, Oe3yYCNOBHO, 3aCJIYKUBAeT BbIeJICHHA B OCOObIH nOL- 


poa. Havn6onee xapakTepHbIMH MIpH3HakaMHM HOBOrO Nosposa Oinop cuntaet 


‘TulaiKui CuHyc MW CeO; WIMpoKHe, Mpocrle, Cao BbINyKIbIe peOpa u CHJIbHOe 


“pasBHTHe PaKOBHHHOrO BBINOJHEHHA MAaKYWIKH, CIMTOrO C 3YOHbIMM MJacTu- 
-yamu. Kpome toro, O. JI. O4HOp yKa3biBaeT Ha MPHCyTCTBHe y STOTO posa Jeub- 
‘THPHaJIbHOH MVaCTHHbI, TakKxKe CJIMBaIOUeHCA C MaKYWICYHbIM 3anOJIHeHHeM. 
_M. B. Kyauxos (?) Ha OCHOBaHHH H3y4eHHA BHYTPEHHEFO CTPOeHHA Tex Ke Ipymn 


| 


cnupHdepos ycTaHoBHs ele HOBbIM moxpox — Permospirifer. OcHoBHbIM OTJUu- 
yuem 9Toro moxpoya oT Licharevia Einor, no clloBpam aBTopa, ABJIAeTCA OPHrH- 
HaJIbHOe PasBUTHE ape, MIpeACTaBJAIOWeH «IMUIb BEPXHIOIO MOBEPXHOCTb YTOMI- 
IWCHHOH CTeHKH pakoBuHbl. K stomy nofzporzy M. B. Kyauxospm OpiiM oTHe- 
CeHbI CIHpHdepbl OFHOM H3 TpeX BbIMeHaSBaHHbIX TpynM, a HMCHHO rpynnpl 


Spirifer keyserlingi Netsch. 


B 1955—1956 rr. Ilepmcxum naseoskosormuecKkuM oTpsjom Ilameonrouoru- 
yeckoro uncrutyta AH CCCP, pa6orapuimm nox pyxospogctzom P. ®. Texkepa, 
Obl COOpaH JOBOJbHO OOHJIbHbIi MaTepvasl 10 Ka3aHCKMM CuupHdepHyam B 
BosmkcKo- Kamcxom pafione u B Cepepxom kpae. B Tom MaTepuaiie OblIO H3y4eHO 
He TOJIbKO BHeWUHee H BHYTPeHHee CTPOeHHe CNMpHcepoB Ha OTMpellapOBaHHbIXx 
PakOBHHaX, HO OblJla TakxKe H3POTOBeHa CepHA MPHULINPOBOK HX MakyIley- 
Hou uacTH. OLHUM 43 BOTIPOCOB, TpeOOBAaBLUIHX BLIACHEHHA, ObIJI BOMpOC O TOM, 
HackombKo Permospirifer 1 Licharewia orjuuatorca Apyr oT Apyra mo CBoeMy 


BHYTPeHHeMy CTPOeHHIO. 


B 1956 r. nogpox Licharewia Opi BosBegeH E. A. MBaxnosok B panr poja, 
pHueM K 9TOMY POY OblIM OTHECeHbI U BHAbI, onMcaHHbIe M. B. KyauKospim 
Kak IIpHualmexkauiMe moxpoyy Permospirifer*. 

Hwxe mpHBossaTca KpaTKve ONWCaHUA STHX ABYX POMOB C OCOOeHHO MOApoOO- 
HOH XapaKTepMCTHKOH UX OTJIMUYMTCJIbHbIX YEPT. 


Pos laid hiatr eowhitam EB iti-ournl39- 


Tun pofa—Spirifer stukcenbergi Netschajew, 1911, ka3aHckuu sapyc 
Pycckou muaaTdopMbl. 

JLuaruos. IIpencrapureiu storo pola oOslaaior BbINyKJOH pakOBHHOH, 
HMeIOWeH SiCHO OOOCO6seHHYIO Makyuiky. Apea pacnomoxeHa MO OCTpbIM 
yIJIOM K IIOCKOCTH, pa3fermiomle CTBOpKH. IlepeqHuu Kpali OObluHO C HeOOUIb- 
IMM ABCTBEHHBIM A3bIUKOM, OTOFHYTbIM K CMMHHOH CTBOpKe. 


MO 


Puc. 1. Crpoenve MpHMakyuleuHOH uacTH OPpiOIHOl uM CIMHHOM CTBOpoK 
pakosuH Opaxuonoy Licharewia, Cyrtospirifer u Permospirifer no npu- 
wuaudoskam, 1,5 X .a, 6 — Opwoutnanx crsopKa Licharewia: a — ua pac- 
cTosHuu 1/2 BRICOTHE ape, O— 0 CMBIYHOMy Kpalo; 6 — Opolinaa 
crsopka Cyrtospirifer Ha paccrosuun 1/3 BBICOTEI ape OT KOHUNKa MaKkylll- 
KH; 2—cimuHHaA cTBopKa Licharewia Ha paccTosHHM 3 MM OT KOHUMKa 
Makylku; 0 — cnuHHas crsopKa Permospirifer Ha paccroanuu 2,5 MM or 
KOHUMKa MaKYWKH; €, oc — Oprouinaad cTBopKa Permospirifer: e — Ha 
paccrosHun 4/2 BEICOTEI apeH, 2 — MO CMbINHOMYy Kpalo. 3f — 3yOubIe 
WWIaCTHHbI, MO — MYCKYJIbHbIe OTMeuaTKH, On — JeMbTUpMabHad Mia- 
cTuHa, AON — JOKHAA NeAbTUPKNaMbHaA WwiacTuHa, 30 — 3y6HOl oTpocToK 


Ha mpuuimopkax Makylle4HOH YaCTH pecTaBuTeseH ONMCbIBaemMoro po- 
fla XOpOWO BUAHbI WMpPOKHe OMHOPOAHHIe 3yOubIe WacTHHb! (puc. la), nlepece- 
Kaioulve BCe MakylleuHoe 3amomHeHHe. [locueqHee pa3qeneHo aTumMu nactu- 
HaMH Ha TPH KaMEPbI, 3alOJIHeCHHbIe KOHICHTPHYeECKM paCrO/IOXKeHHbIM pa- 
KOBHHHbIM BeUeCTBOM. OTH KaMepbI OOPAa3sOBaHbl TPeMA KOHYCaMH MaHTHH, 
3aXOJMBUIMMH B MaKYLIKy. 

Ha paccrosuun '/; BbICOTh! apeH OT KOHYMKA MaKYLUIKM 3yOHbIe mlacTuHbl 
CONpHKacaloTcad CBOMMM KOHIaMHM, OOPallleHHbIMH K JebTHpuIO (OMKe K Ma- 
KYIIKe M@xKy HAMM paciolOx*KeHO ONMCAHHOe BBILe PaKOBHHHOE BeIILeCTBO). 
STH KOHIbl, HeCKOJIbKO BbICTYNaA B JebTHPHU, OOpasyior Tam MoOs0.uCTOe 
yroumenne (puc. 16) — pakoBMHHoe 3anouHeHHe, COCTaBsJIAOULee WHO enBTH- 
pHa HM 4wacTO uMeroUulee OyropuatTy1o dopmy. M3menunBoctb storo o6pa30Banus 
noxpo6uo onucana B. K. JIuxapespm (*). Ilo-Buqumomy, 3T0 o6pa3oBanue, cno- 
2KCHHOe PAKOBHHHbIM 3allOJHeHHeM HM KOHWAaMM 3yOHBIX TWIaCTHH, M mpMHuMa- 
och pxajlom apropos (Bb. K. JIuxapes, JI. O. Sinop u Ap.) 3a JeAbTApMasbHyt0 
nlacTHHy. 


* M. B. Kyaukos (yerTHoe cooblen He) cuutaet Permospirifer camocrosTenpupim poylom> 
BIOJIHe PaBHOWeHHbIM poxy Licharewia. 
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PasHbIMH aBTOpaMM TepMMH JeAbTHpMaNbHaA MacTHHa MOHUMaJICA ml0-pa3- 
HoMy. Bnepsbie stor TepMuH Obi mpeqiowen Xowwiom u Kaapkom (°) quia mia- 
CTHHBI, JIe*KallleH MexKLy 3yOHBIMM MWIaCTHHaMH M BepxHeli yacTbio JebTUpuA 
M HWKe ypoBHA apen. Mcropua sToro TepmMuna un pa3smMuHOe ero NOHHMaHue 
PaSHbIMH aBTOpaMM JocTaTOYHO MoApoOuo paccmorpeust B. B. Muwopayosu- 
uem (°), I03TOMY Mbl Ha HEM OCTaHaBJIMBaTbCA He Oytem. OgnaKo COBeplIeHHO 
ACHO, UTO ACIbTHPHaIbHOH MIaCTHHOM He MOxeT ObITb Ha3BaHO s0G0e OOpa- 
SOBaHHe, IMPHKPbIBaIOWee WeIbTHPHU HeCKONbKO HMxKEe apen. JemDTUpNadb- 
Ha IJlaCTHHa — CaMOCTOATCJIbHbIM SJIEMCHT, XOTA HM TECHO CBA3AHHBIM C 3y6- 
HbIMM IWlaCTHHaMH H CTCHKAMH paKOBHHBl. 

Ha puc. 16 u ¢ us06paxeno BHyTpeHHee crpoeHne (no IP MWJIMOBK am) 
poops Licharewia u Cyrtospirifer. 3qecb oco6enHo ACHO BULHO, YTO OOpasoBa- 
HHe, NpHKpbiBaloulee y poga Licharewia AenbTupui Ha HeKOTOpOM paccTrosHHu 
OT MOBE€PXHOCTH ape, eCTb He YTO HHO, KaK CXOJAMIMECA KOHILbI YTOJIUILCHHBIX 
SYOHBIX MlacTHH. CileqoBaTeAbHO, OHO HE TOMOJIOPHYHO JebTHPHabHOM mIa- 
cTuHe poga Cyrtospirifer, Ho 3aHuMaer TO 2%Ke NOMORKeHHe UH, BAAUMO, O6slaqauo 
CXOJHBIMH (byHKunaAMH. IIpeycrapaerca GOomee WemecooOpasHbIM Ha3BaTb 3TO 
oOpasoBaHHe JIOXKHOH AelbTUpHanbHoOH mmacrunoh *. Tlo-suqumomy, nocaen- 
HAA CBOHCTBeHHaA He TOJIbKO Ka3aHCKHM CiupHdepuyam —cxoqnoe o6pasosa- 
Hue ormeyeHo I’. A. Besnocopoli (1) y Bepxnezesoncxoro poga Hunanospirifer, 
MpeACTaBHTeIM KOTOPOrO ObIIH HaliJeHbI e10 B HHKHEM Kap6oue Ky36acca. 

TlocrosHHOH cpeqMHHOH center y poga Licharewia ner, HO JOBOJIbHO YacTO 
NOABJIAeCTCA JBYPa3JCJIbHbIN CPpeAMHHbI BaJIuK. 

OrneyaTKH MYCKYJIOB JUAyKTOPOB OBaJbHOM CbOpMbl, MPHOCTPeHHble B MIpH- 
MaKYUIC4HOH 4aCTH; pakuaJlbHad LWTPUXOBKa B epee YaCTH MyCKyJIOB pac- 
NOOKeHa MOUTH MpOMOMbHO, OsarofapA YVIMHeHMIO 9TOM YacTH OTMeUaTKAa 
(puc. 2,cm. BKseliky kK crp. 119). 

CrpoeHue CNHHHOM CTBOPKM H ee OTHE OT TaKOBOH poxa Permospirifer 
MOXKHO BHAeTh Ha puc. | e uO. 

Teomoruueckoe pacnpocTpanded “Xe. [Ipeycrapurenu posta 
Licharewia pacnpocrpaHeub!l Ha Pycckol mmatpopme B Oacceluax pp. Bouru u 
Kambl, CHHMUHbIC 9K3CMIVIAPbI OTMeUeHbI C CeBepa Esponeickol uacru CCCP 
Hc p. Kourpimpl. 

Oco6eHHO O6MIbHbI NpescraBuTemu pofa Licharewia (L. rugulata (Kut.) 
u L. stuckenbergi (Netsch.)) B 6omee toxwKHEIX “actax KasancKoro Oaccelina, 
3HaUHTeIbHO YyjlasleHHbIX OT OTKpBITOrO mops (BosnKcKo-KamcKuit pation), 
Ha Ce€Bep OHH 3aXOMMJIM JIMINb B BUC CMHHHUHbIX 9K3CMIMVIAPOB. XOTA HEKOTO: 
pbie Bub (Licharewia grewingki (Netsch.)) Opium orpaHH4eHbI B CBOeM pacmpo- 
CTpaHeHuu CeBepHol uacrbio Gaccelina (ApxanresbcKad O6W1.), OHH He JoOcTH- 
raid B 3THX MeCTaxX 3HaUHTebHOrO OOMJINA. 


Pow Permospirifer Karddskiopv,4950 


Tun poya —Spirifer keyserlingi Netschajev, 1911; ka3anckuu sapyc 
PyccxohH mnuatTpopMbl. 

Tuaruo3. Paxosuna yromennad, aiuncopufuat. Maxyuika c1a6o 
WJIH COBCeM He OTTpaHu4yeHa. Apea pacmooxwKeHa MOUTH NMapaJJIeJIbHO MJIOCKO- 
CTH, pa3JlesIAIOWeH CTBOPKH. 

Yxasaune M. B. Kyauxopa (*) Ha pasMuHOe MpPOHCXO*MeHve ape y POoB 
Permospirifer u Licharewia ne noyrBepyuuoch. ¥ Permospirifer apea mpeycras- 
JideT TaKOe 2Ke CAMOCTOATeIbHOe OOpasoBanue, Kak uy Licharewia, a 3anouHe- 
He MoapeliHoro MpocTpaHCTBa ABJIAeCTCA BTOPHUHbIM. Sro nosrBepxAaerca, 
BO-II€pBbIX, TEM, UTO y OONee MOMOALIX SKZEMIIAPOB 3aMOJIHCHUE HE CTOJIb BeJH- 
KO H OCTaBulaeT CBOOOAHOe MpocTpancTBO Ha 1—2 MM OT CMbIYHOrO KpaA, 
BO-BTOPbIX, HasIMuMeM CaO 3aMeTHbIX OCTATKOB MPHMaKYWICYHbIX MOMOCTEH, 
B KOTOPbI€, OYCBHAHO, 3aXOWJIH KOHYyCa MaHTHH. 


* Tepmun mpeqowxen E. A. Msanosoi. es 


9 B8axasz 783 


Ocuosuoe pasmunve Licharewia u Permospirifer 3axmiouaeTca BO BHYTPeH- 
Hem crpoenuu. Y Permospirifer syOupie nacTHHb! peyWMpOBaHbI, Ha HeOOVIb- 
INOM paCCTOAHHH OT KOHUMKa MaKYIIKH (2 MM) OHM WMpOKHe, KOPOTKHEe, Ayro- 
BUJHO H3OPHYTHIC, LOXOAAT LO MYCKYJIbHOFO NOJIA, PaCMOIOAeHHOFO Ha paccTos- 
Huu 1—2 mm or Jua crBopKH. [IpocrpaHcTBO MexK]y MYCKYJIbHbIM TOJIEM H 
HapYXHOM MOBepXHOCTbIO PaKOBHHD! 3alOJIHeHO TOMOFeHHbIM PaKOBHHHbIM Be- 
urectBom (puc. |e). Mo mepe npHOanxKeHUA K CMBIYHOMY Kpalo 3yOHbIe MacTH- 
HbI YTOHbIWNAaIOTCA, MpHOOpetad BU y3KOM MOJIOCKH, HAyuleH M0 OOKaM JeJIbTH- 
pHaIbHOH mogiocTu (puc. 1,2); Hu2Ke CMbIUHOrO Kpad OHH HCyesalOT COBCEM. 
PacnowloxeHve MYCKYJIbHOTO MOJIA OTHOCHTeJIbHO Ha CTBOPKH He MeHAeTCA 
Ha BCeX IIpHUWIMOBKax OT CaMOrO KOHYHKa MaKYIIKM JO CMbIUHOrO Kpas. 

MaxyleuHoe 3anouIHeHHe pa3jeleHO Ha TpH KaMePbI, HO He HMCCT KOHILeH- 
TPHUeCKOM CTPYKTYPbI; CO CTOPOHHI AebTHPHA MOMOCTh OrpaHWueHa NOJMYyKpy- 
TOM, TCECHO CBA3AHHbIM C 3YOHBIMH WJlaCTHHaMH H BKJIOUaIOULHM HX, a CO CTOPOHBI 
jtHa CTBOPKH — MYCKYJIDHBIM MOJIeM. 

M310xKeHHoe BbIIIe yKa3bIBaeT Ha TO, UTO OOPasOBaHHe AalMKaJIbHOrO amma- 
pata poga Permospirifer 1110 HHbIM yTeM, ¥em y Licharewia. Pa3muuue B pac- 
MOJIOXKCHHH PAKOBMHHOFO BellleCTBa YKa3bIBaeT Ha HHO CmocoO H MOpsAAOK ero 
OTJIOXKCHHA. 

Ha HeKOTopbix MpHuMpopkax, re HeOCTaTOUHO YeTKO MpocTymawrT Bo- 
JIOKHa KOHILOB 3YOHbIX MIaCTHH, OOpalleHHbIX K JleJIbTHPUIO, HaOsMOaeTCcA OOpa- 
30BaHHe, OUCHb HaMOMMHalollee eIbTHpHadbuHyio mviacTHHy. Ho Tak kak Ha 
OOJIbLIMHCTBE 9K3EMIIAPOB BHAHO, YTO OHO OOPas0BaHO 3a CueT CJIMAHHA KOH- 
IOB 3YOHBIX MIaCTHH, TO MbI Tak?xKe€ Ha3bIBaeM efO JIOXKHOHM JeJIbTHPHaJIbHOU 
WwlaCTHHOH HW CUHTaeM TOMOJIOrMYHOH TakOBOH y poja Licharewia. 

TlocrosHHOM CpeMHHOH CenTbI B OpiowIHOH cTBOpKe y poya Permospirifer 
HeT; HHOFla HaGJIOaeTCA OUCHb HEBbICOKHM CPeAMHHbI BasIMK, B APyrHX 9K3eM- 
MIapax CMeHAIOMMMHCA yrayOmenvem. MyckyJIbHble OTMeYaTKH JUAYKTOPOB HE 
OOHaPYy2XKUBAIOT 3HAYNTEMHOFO OTJIMUNA OT TAKOBbIX poya Licharewia (puc. 3). 
OHM TOJIbKO HECKOJbKO Ooslee OKPYIvible H MeHe€e BHITAHYTHIEe, OTUETO PalHaJIb- 
Has peOpucrocTb pacipeyeseHa PpaBHOMepHO MO BCeH MOBepXHOCTH OTMeUAaTKAa. 

Teonoruueckoe pacnpoctpaneuue. Pog Permospiriter 
W3BeCTeH JIHWIb H3 MepMCKHX OTMOMKeHUH ceBepa CCCP; HanG6omee oOnseH OH 
B ApxanresbcKol O61., pelok Ha TuMaue u p. Kompime, uv elunuuen B palione 
BaTckoro Bawa. 

Takum oOpasom, pox Permospirifer Obit pacmpocrpaHeH B yCJIOBHAX HaH- 
Oomee HOPMaJIbHOrO MOPCKOrO pexKHMa, B MeCTaX HaHOobIUeH GOH30CTH K 
OTKpbITOMy Mopio. TaM, re Hapyliasacb HOpMaJIbHad MOpCKaA COJIeEHOCTD, 
IIpeACTAaBUTeJIM STOTO pOa CYMLECTBOBATb He MOFJIH: Ha 3TO YKa3bIBaeT HaxOxle- 
HHe JIMIUb C(MHMYHbIX YIHeTCHHbIX S9K3CMIVIAPOB B palione BarcKoro Bawa. 


Tlaneontoworuyeckuli HHCTUTYT Iocrymuao 
Axkajylemuu Hayk CCCP 10 IV 1958 
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IKOJOVH A 


M. A. JIETHYEBCKHM 


K BOIIPOCY OB O3HMbIX H SAPOBbIX PACAX Y BEJIOPbIBUILbI 
STENODUS LEUCICHTHYS (GULDENSTADT) 


(ITpedcmaeaeno axademuxom E. H. Ilaeacecxum 25 IV 1958) 


JI. C. Bepr (**) onyOmukopan pa pa6or o cymecTBOBaHHM Ce30HHBIX pac 
-Y pasHooOpasHblx MpOXxOJHBIX pbiO, HaSBAaHHbIX HM (MO aHaJOrHM Cc XJIeOHBIMH 
3ulakaMM) O3MMbIMH HW APOBbIMH. K Takum pbiOaM OH MIpHuMcsIAeT MU OenopHION- 
ty (*). Apospre dopmer GexoppiGuyp, no Bepry, BxXoOAAT B peKH paHHeli BecHOli 
‘WM HepeCcTYIOT B TOM Ke Fody, a O3HMbIC MOLHMMAIOTCA H3 MOPA OCEHbIO UM pasMHO- 

*KaloTcH B CyeMyIoulem Toyly. 

OHakO lO CHX NOP HAKTO MPAMBIMM HaOMOJeCHMAMM He MOKAa3a, HACKOJIbKO 
tpegcrapenna JI. C. Bepra B oTHOWeHHH OeNOpbIONI[bI COOTBETCTBYIOT eiicTBH- 
-TCJIbHOCTH. 

B HacTosieM COOOMLeHHH MbI MpHBOAMM Take J\aHHBIe. 

B 1955—1956 rr., B cBa3u c nepexppiruem Bosmrnu KyfiOpuuescKouw morn- 
HOH HM MpekpauleHHem flocTyna OenopbiOuubl K €CTeECTBEHHbIM HepeCTHJIMILaM, 
PacnoJIOX%KeHHbIM B BEPXOBbAX p. Ydpbl, ABHJIaACb HACTOATeCIIbHaAA HEOOXOAHMOCTb 
-B pa3spaOoTKe MeTOJa MOJIYYeHHA 3peJIbIX MpOM3BOLMTeNeH B WCKYCCTBCHHBIX 
ycnopuax. J\Iax 9TOrTO MpOBOMJIHCb IKCNEPHMeHTAaJIbHbIe UCCIeLOBaHHA 10 
IJIMTeJIbHOMY BbIJepxKHBaHHIO OeJIOPHIOHIbI B HEBOJIE TO CO3peBaHHA MOJIOBbIX 
IpOAYKTOB B pasJIMYHbIX IKOJIOFHYECKHX YCJIOBUAX HM B PASHbIX KJIMMaTHUCCKUX 
30Hax. IIpeqnonaranocb, uro xoOHaA POAHUKOBaA BOJla HM KaMCHHCTO-Lravieu- 
HOe JIHO B BOMOeMAaX, Te COMepxKaJIMCh MPOUSBOLUTEIM, CO3akyT OaronpusrT- 
HbI€ YCJIOBHA JIA pa3BHTHA AWMYHMKOB WM C€MCHHHKOB, aHaJIOrHYHbIe TeM, KO- 
TOPbIe CYULECTBYIOT Ha MECTAX €CTECTBEHHOFO Hepecta OeOpHlOHNUbI. OTH ycrel- 
HO MIPOBEMeHHbIe HCCeAOBaHHA 3aBePLIMJINCb MOyYeHHeM 3pesoH pblOomposyK- 
THBHOM UKPbI M BbIPalllMBaHHeM V3 BbIIYMMBUIMXCA JIMYMHOK KM3HeCTOMKUX 
MaJIbKOB (°). B 9kCMepHMeHTaX HCMOJIb3OBaIMCb MPOM3BOANTeIH OCeHHErO H 
BeCCHHEFO XOjla, YTO MOSBOMIO M3YYHTb OMOMOrHIO PasMHOXKeHHA KarxKJOU 
(hOpMbI B OTJeJIbHOCTH. 

Auavu3 60 ppiO n0Ka3au1, UTO OHM He OTMUAIOTCA [pyr OT Apyra no pasmepy 
M BeCy, a TaKxKe NO MPOUHM MOKasaTeAM, XAPaAKTePH3YIONMHM KOJIMYCCTBO Mi 
3peNlOCTh HKPbI H MOJIOK (Tad. 1). 


Taoduauna 1 
SpesocTh 6eopHOnUBI 


CaMkKu CaMupl 
Bpema oTJIOBa Ps aie F 2 
ppbi6 AwamMerp s es 2 = 2 
2 ee UKPHHOK, MM Oe, Sos io \o | 3 
a a) iI x =e-) C) o 8 
a Ne) = So BE ani % 
1) go a oS ae ° Se oy 
° | ts 
Se lee | eve Bene sess eau ee 
« 1S) 
roy mMecall | = z 9 3 HbIe MeyIKHe| 2& oon aS g 56 cS 
oa Q OM roo < o os a aM os 


PpIObI BeCCH- 
Hero xojla 
Pxi6pl OceH- 
Hero xojia 


1955 | Il |14/10,4] 90,0] 0,72 | 0,28 | 2730 | 0,86; HI |15) 10,6) I 


1955 |. XI 15|10,8| 98,0] 0,73 | 0,29 | 2980 | 0,88 | HI | 16; 10,0) II 
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Y cpaBHUBaeMbIx XOJOBHIX CaMOK GeNOpbIOHULI, NOMMAHHbIX B etbTre Boru 
B HoAOpe (no Bepry — o3umple) HB Mapte (no Bepry — sposble), HeT HUKaKUX 
pa3uIM4uii HM B IWIOJOBMTOCTH, HU B 3peJlocTH M AMamerTpe OBOlMTOB. AnaJOrH4y- 
HOe ABNeHHe HaOsIOaeTCA HM y CAMILOB 9THX ABYX *opM pbIO; y HHX BeC CeMCH- 
HHKOB H CTaHA 3peJIOCTH COBEPWICHHO OMHAaKOBbI. Bosee Toro, NPOHSBOAMTEVIM 
BeCeHHEFO H OCeHHEFO xOfla, COMepxKaBuMeca B APMOHCKHX Caf{KaxX B OfMHAa- 
KOBbIX SKOMOPHYeCKUX YCOBHAX B TeyeHHe 9—Il2 mec., ocTurmu mMOOBOK 
3pesOCTH MOUTH B OAHO u TO xe Bpema (14—20 XI). B o6onx caly4aax uKpa HM 
cnepMa Obllu BrojHe WOOpoKayecTBeHHble. Co3peBliMe HKPMHKH, CBOOO]HO 
BbITeKABIUHe H3 TCHHTAIbHOrO OTBeEPCTHA, YBEJIMUMIMCb B Hamerpe Jo 2,62— 
2,63 mM. Pucromoruyeckue HCCIeqOBaHHA AMYHHKOB HM C€CMCHHHKOB 9STHX JBYX 
cbopM pbIO, BbITIOJIHeHHbIe B OHH HW TE Ke KaJleHapHble CPOKH, TaKxKe MOKa3bI- 
BalOT, UTO MCXKLY HUMM HET CYUIECTBCHHBIX pa3sJIMUHH. 

MoxuHo Opli0 mpesnosaraTb, ¥TO GemopbiOua OceHHerO xOJa, OOMTAaIOULAaA 
B PeYHbIX YCJIOBHAX JO CO3PeBaHHA MOOBIX 2ee3 OoOMee MPOMOJLKUTEIbHOe 
BPeMA, 4eM pblOa BeCeHHErO XOfa, MOMKHA COMep2xKaTb OoMbUIMH 3amac wKupa U 
JIPYTUX SJIEMeHTOB, HCMO/Ib3yeMOroO E10 B KavecTBe 9HEpreTHyeCKOrO MaTepHaa. 
OyHakoO XHMHUeCKHH aHasIM3 MACa HM BHYTPeHHOCTeH STHX PbIO NOKAaSbIBAaeT, 
uTO HM B JlaHHOM CJlyyae He OOHapyxXMBaeTCA MexX]Y HUMH Pe3KHX OTJIMUMA 
(raOn. 2). | 

TaOauna 2 


XuMmuyeCKHH cocTaB GeslopHiOuub (B % K CbIPOMy BelllecTBy) | 


pe ae: Ton ste nae: Baara ‘Kup Besox Bona 
Pup pecen-| 1955 | Camxu | Maco 62,8 16,3 19,8 11 
Hero xoma BuyTpeuHocTu 45,395 45,4 8,5 0,708 
Camu | Maco (CPA! 17,7 1:9) 4 ee 
Buy?TpeHHocTHu Song 49,5 9,8 0,8 
Ppi6pr oceH- 1955 Camku | Masco 62,34 49,8 16,9 0,96 
Hero xoja BuytTpenHocTu 39,94 49,9 10,4 0,46 
Camupt | Maco 66,76 1429 ieee 1,04 
BuyTpeHHocTu | 46,35 42,8 10,4 0,75 


Y caMOK OCeHHEro xOjla COJlepxKaHHe *KUpa Ha 3,9—4,5% Oombie, a y CaM- 
0B Ha 2,8—6,7% MeuHbille, 4em y pBIO BeceHHero xofa. AnalorM4Hoe ABJIeHHE 
oTMeyaeTCA H B COfepxKaHHU OenKka. IlofoOuple He3HauHTeIbHbIe KeMeOaHHs 
B XHMHYeCKOM COCTaBe Tesla OeOPbIOMIbI YaCTO BCTPeualoTCA, HO OHH He ABJIA- 
IOTCA OTJIMYHTEIbHOM OCOOCHHOCTHIO aHAaJIM3HPyeMbIX pbIO. 

Her wukakux OnoormyuecKHX OCHOBaHHH cuuTaTh OemopbiOuly OoceHHero 
xofa O3HMOH (POpMOH, a BeCeHHerO xOa — APOBOH NO TOM MpHunHe, YTO Nep- 
Baa, Kak yKa3biBaet JI. C. Bepr,meyer uKpy B Culefyloulem roxy, a BTopaa— 
B TOM Ke Troyly. 

Ta6auua 3 


AuHamuka yJopos GesopriOuyb B enbTe Bosru (3a 1932—1940 rr.) (B npowentax) 


CeuTsOpb | Oxrsa6pb | Hos6pp| JexaOpp |Aupapp| @Despan» | Mapr |Anpesb] Mati | Vous | Bcero 


100 


0,4 | 1.2 | 5,9 | 23,9 20.4 14,2 0,0 | 1.2) 24 0,8 


Kak ByqHO u3 Tabu. 3, xok GenopHiOunbI OUeHb pacTaHyT —on JnuTCA 
10 mec. Te oco6u, KoTopbie 3allluIM B pekKH JO KOHMa rosa (qekaOpa) u Oynyr, 
CNEMOBATCIbHO, HEPeCTOBAaTh B CJeMytOuleM KasleHapHOM Toy, MoryT ObITb 
m0 bepry, orHeceubl K O3HMbIM (opMaM. BosuukaeT BoMpoc, K KaKoli xe bopme 
MOXKHO OTHECTH PbIO, BOLIeAMIMX B pekH C 1 aNBapa U B NocMeLylomee 3umuHeE 
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Bpema? Bey stu pbiOnl GylyT HepecToBaTb B TOM 2Ke KaJICHapHOM Toy ui ABJIA- 
OTCA MOSTOMY ApoBbIMH. MoxKHO JM B 9TOM CiIy4ae CTaBHUTb 3HaK paBeHCTBa 
MexKTY pblOaMu, 3alieqWiMMH B AHBape u B mapte. Ha ocHoBanHN HalINx 
MaTepHaJIOB MOXKHO CKa3aTb, ITO MexKAy SCenopbiOunell oceHHero Hu BeCeHHero 
Xo7la HET COBEPHICHHO HHKAaKOli Pa3HHWbI HU B PasBUTHH OHA, HH B yMUTaHHOCTH 
MH 2KMPHOCTH, HH B OTHOWEeHHH Apyrux noKasateteli. Hepecropaa murpanua 
OeOpHIOMIbI HAaYMHAeTCH, KaK TIpaBusio, C MOMeHTAa, KOrZa CaMKH Jocruralor 
III, a camusr —II—III cragun spenocru nomoBerx xele3. Stor ocHOBHO!I 
(bakTop, B CoveTaHHM C HaKOMIeHHeM NocTaTOUHOrO samaca *KUpa, UCMONL3ye- 
MOro pbIOOH B KavecTBe 9HEpreTMyecKOrO MaTepHana, nOOyxKMaeT SenopHiOuLy 
K Mepexowly H3 MOpCKOu CpefbI B peuHbie ycnoBusa. A. B. Togmecupiii (°) orme- 
waeT, uTO HacTymuenue III craquu B pasBHTHM ronal UM ABJIAeETCA Tem NOporom, 
Kora B eHCTBHe MPHBOAMTCH Me€XaHH3M MUIpallMOHHOTO MHCTHHKTa y Ges0- 
ppOuus. Tlepprimm HaunHaloT CBOH MUIpallHOHHbIli MyTb K HepecTHuMULaM 
oco6u, AOCTHTUIMe YyKa3aHHbIX CTauH 3peOCTH M X%KUPHOCTH paHbiue, eM 
[pyrue. QTO 3akKOHOMepHO, MOCKONbKY YCJIOBHA OOMTAHHA MH Harysa Oenoppl- 
Onubt B Kacnuaickom mope O¥eHb pa3HOOOpasHbl HW He BCe pEIObI MOryT MocTuT- 
HYTb YKa3aHHbIX CTaMH 3pelocrH B KOpoTKHH cpoK. Ilostomy u pacTaHyTOCTb 
-xOfa oueHb Ooubulaa. 

Takum o6pa3om, npennonoxenua JI. C. Bepra o cymecrBoBaHuu y Geopsi- 
OHUbI ABYX CE3O0HHBIX Pac SKCNEPHMECHTAJIDHbIMH HCCIeEAOBAHHAMH He MOATBEPxK- 
faroTca. BenoppiOuma mpesctaBaser co6ol OuojormueckH OJHOPOAHOe cTajo, 
XO], KOTOpOrO Ha HePeCT OYeHb MPOROMKUTENEH. 


Kacnulickult Hay4Ho-ncceqoBaTeIbCKHH Ilocrynusto 
‘MHCTHTYT MOPCKOro ppblOHOrO XO3AlicTBa 19 II 1957 
HM OKeaHorpadun 


7 


UAMTHPOBAHHAA JIMTEPATYPA 
1 JI.C. Be pr, U3s. AH CCCP, OMEH, N 5, 711 (1934). ? JI.C. Bepr, IIpupona, 
MN 4 (1934). 3 JI. C. Be pr, Ouepxu no o6uum Bonpocam uxtuonoruu, M3q. AH CCCP, 
(1953. 4 JI.C. Bepr, Pri6st npecustx Box CCCP u conpeyenbunrx crpan, M3y. AH CCCP, 
ig. 1 (1948), ®& M.A. JetTuuescku it, Pron. xo3., Ne 12 (1956). ° A. B. Togaec 
‘uti, Tp. BHHOPX, 7 (1947). 
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Jloxzayn Arkanyemunu nayr CCCP | 
1958. Tom 122, Ni 4 | 


IKOJIOLHA 


B. H. ®YPCOB 


JOKAEBbIE 4EPBH HA TPABSHbIX HW XJIONKOBbIX MOJIAX 
IOKHOHW TYPKMEHHH | 


(IIpedcmaeneno axademuxom E. H. Iaeaceckum 25 IV 1958) 


OguuM u3 OnOOrMYeCKHX (akTOPOB, BJIMAIOULMX Ha MNOMOposMe OKyJIbTy- 
PeHHBIX MOUB LaBHero OpouleHuaA WomMHb! Mypra6a MW Ha MpOleccbl NOYBeHHOL | 
JIMHaMUKH, ABJIACTCA JICATEMbHOCTh JO*KMEBbIX YePBeH, POJIb KOTOPbIX Oblla: 
ormeueua eme YU. P. Jlappunpim('). JLo qepple uepBu Ha MOJMBHbIX 3€MJIAX TpO-| 
U3BOAAT OFpOMHYy!O paOory: OHH exeroqHO mepepaOaTEIBaloT He MeHee 1—2%| 
MaCCbI MOUBbI OOMTAeMbIX TOPH30HTOB, 3HAUHTeCJIbHO YBeEIMYHBaA IMPOUHOCTD | 
CTPYKTYpbI; OOulMH Bec 9kKCKpeMeHToB jlocTuraeT 100,0—122,6 t/ra_ (?,*); 3a) 
mourofa MepeMeuleHHe PaCTHTeJIbHbIX OCTATKOB B TvlyOb MOYBbI COCTaBJIAeT) 
oxouo 100 1/ra (+); o6ujad CKBaxKHOCTb XOJOB YepBeli WocTuraert | % oT OObema (*): 
KPOME YJIYYINeHHA CTPyYKTYpbl MH (pH3HueCKHX CBOMCTB MOYBHI (BOJOMpoHUlae- 
MOCTH, a9pallHH, MOPO3HOCTH, BJIarOeMKOCTH, OOBeMHOFO BeCa H Mp.), H3MeHA- 
eTCA H XHMHMUCCKHH COCTaB — YBeJIM4YMBAeTCA COMepxKaHhe MOPIOULCHHOrO KaJIb- 
una (°,°). B cBa3H C H3J1I0%KCHHBIM CTAHOBHTCH MOHATHBIM, YTO CTeNeHb MIOT- 
HOCTH HACeJICHHA JOR TEBLIMH YEPBAMH Pa3JIMYHbIX MOYB ABJIAeTCA B OMpeeseH- 
HOH Mepe MoKas3aTeieM UX Monoposusa (1, *, 7) H OKYAbTyYpeHHOCTH (°) HU CTyKUT 
UX KJJAaCCHPMUKAaWLMOHHBIM IpH3HaKOM,— MO9TOMY OMpeseweHue OOulero KOJH- 
yeCTBA JOXAKMeBbIX YePBel Ha Pa3JIMYHbIX MOUBAX M Ha Pa3JIMYHBIX arpoTexHuye- 
CKHX (hOHaX HeEOOXOAMMO JIA MOWHOM XapaKTepHCTHKH MOUB. 

B Hamel paOore HCnOb30BasIHCh XO3HHCTBEHHbIe MOA HM arpoTeXHHyecKHe 
(OHI MHOrOJIeTHErO OnbITa Cc CeBoobopotamu MosorancKol ONbITHOM CTaHIHy| 
CowsHH xl (8), ro nosBoumu0 mpoBecru CpaBHeHHe BCeX BapHaHTOB eJMHO- 
BPDCMeHHO. 

Hccseqyemble MOuBbl — MOJIMBHBIe TAKbIPOBHAHbIe CBeTJIbIe Ceposempt ((9,!°);. 
m0 JaHHbIM Apyrux ucciesopateseh (11, 1°) — myroBoTaKbIpOBble), — 3aHHMalo- 
uve cBbiiie 40% Opomaemol moma oasuca, B pesyJIbTAaTe AIMTebHOFO Opo- 
IWCHHA MW JeATCJIbHOCTH UYeNOBEKA OKYJIbTYPeCHbI H CHeuupHYHbI NO mpoduvo 
C pe3KO OTrPpaHHYeHHbIM MaXOTHbIM TOPH30HTOM, KOTOPbIt COMepxXKUT B CpeHeM’ 
rymyca 0,9% u asora oKouo 0,07% . Ilo Mexanwueckomy CocTaBy MOUBI cpemHe-) 
CYI'IMHHCTHIC, NPCHMYULCCTBEHHO Pa3BUTbI Ha COMCTHIX TH KEJIbIX WJWIIOBHAaJIb- 
HbIX OTJIOWKCHHAX, CJIOMKCHHHIX, KAK IpaBHJIO, TOHKUMH TVIMHHCTHIMM (ppakIMa-. 
MM CH30BaTOrO OTTeCHKA C TVJIOXOH BOMHO-BOSAYIIHOH MpOHMaemMocTbio, HHOra 
co CJleaMH 3aKMCHBIX CoeyuHeHH. JlowKeBbIe YePBH B STHX TOPH3OHTAX Hel 
pacnpocrpaueubl. B wax onpeyeieHuax HH 10 OLHOMY M3 MIpHBeAeHHBIX arpo- 
TeXHHYCCKHX (POHOB BO BCe rosp (1954, 1955 u 1956 rr.) Hox JeBble uepBu HMKE 
40 cM He BCTpeyauch. Pacnpocrpanenue ux CocpeoTOueHO B MaXOTHOM CyIOe. | 
[]noTHoe 3acejleHHe MOBEPXHOCTHBIX COeB OTMeUaOCh H APYruMu uccweqoBa- 
reiamm (77, 1 ot, +) M Ap.) 

MeToXuka. Yuersl mposoqumuch B KOHILe 3HMbI B 6e3MOpos3Hoe BpeMa 
M1pM CpeCAHeM YBuaxKHeHHH TMOUBbI 8—20% of BeCa MOUBbI, HIM pH 32—80% 
OT MOeBOK BaroemKocTn. I]noTHOCTh HaceeHHUA JOx*KeBbIX yepBeH ompeye- 
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JiAaCb HaMOoee MpocTsiM, XOTA M TpyOeMKUM crocobom HenocpesCTBeHHO- 
TO y4eTa 2KUBbIX YepBelt M3 OObeMa NOYBbI OLHOFO MOBTOpeHHA 125 m3. Sror 
cmocoO py4Horo oTrdopa u3 mpo6 aBAAeTCa HanOosmee IeecooOpasHbIM Ip yye- 
TaX KOJMYeCTBA Ow MeBbIx uepBeit (171618), 

B Mecre B3xaTHH MpOObl yKaQbIBaNach MeTammM4ecKad MOMyMeTpoBad KBaI- 
PaTHadA paMKa,; Mloulayqka B 0,25 m® (0,5 m X 0,5 M) oKanpIBalacb co BCex 
CTOpOH Jo ruyOunpt 0,5 M B Bue KyOa. 3aTem no 10-caHTuMeTpoBLIM FopH30H- 
TaM BbIOMPaslacb Ha OpesenT M04Ba, KOTOPas THaTebHO MepeOupasacb pykamu, 
KPYNHbI€ KOMbA pa30uBaJHCb, pa3pbl- 

BaJlaCb Te€pHHHa HM MOUKH 3J1aKOB UH BBI- Taounauya 1 
OupasuCb BCe 9K3EMIIAPEI “epBeli. Bce E 
OTOOpaHHble YepBH CKJabiBaHCcbh B albert eee ae eG ae 
OloKcbl C HeOONbINMM kONMUeCTBOM PeeiGae eae ABYX JeT CTOAHHS, 
3eMJIM, STHKeTHpOBasINCcb. B maOopatTo-  rpasocroii xopommnii, nousbl mo Mexannue- 
puu yuepBH NIpeIBapuTeJIbHO OTMbIBa- CKOMY COCTaBY CpeJHe-CyIrJIMHHCTHIe, 6uImKe 
JIMCb B KIOBeTax C BOOM, BHIOMpamHCch gis i Leases OLN eS 

Ha (HJIbTPOBaIbHyIO OyMary, B3BeLIH- 


BaJIMCb, H MPOCUMTHIBAJIMCb BCe 9K3eMI- pins Cpequuii Bec 
Topusont, | Odmnuii Uncsen- 1 uepBa B 
JIAPbl, H3 KOTOPbIX NepepesaHHble CKJIa- cM Bec, kr |HOCTb, ThIC.| eCTeCTBeEHHOM 
AbIBaJIMCb HM CUNTAIHCh IWeJIbIMH. SaTem Oe ee aes 
MIpOBOAWICA mMepecuer Ha rextap. Ilo 
kaxkomy tony Opaocb B 1954 r. Tpu O—10 | 415,9 | 3027,0 236 
nostopenus, B 1955 r. naTb noBrope- Pre a ne rit 
HHH, B 1956 r. verpipe nOoBTOpeHuaA. a. 
30—40 2,3 20), 7 86 
Pe3yambTaTb. Paccmorpesne 0—40 | 668,14 | 3853,7 251 


Tao. 1 wu 2 noKka3biBaeT, UTO NOJMBHAaA 

KYJIbTYpa TpaB (JHOWepHbI) CmocoOcTByeT GbICTPOMY Pa3MHOXKeHHIO H HaHOovee 
IWJIOTHOMY 3aCeJICHHIO MaXOTHOTO COA Tow eBbIMH YepBAMH. I]nOTHOCTS ox Te- 
BbIX YePBeH BOSpPacTaeT C BO3PaCTOM JIKOLeEPHHKOB IPH CpaBHHTeJIbHO MOCTOAH- 
HbIX YCJIOBHAX TeMMepaTypbI HM B/axKHOCTH MOUBLI, KOTOPble OOecieyHBaIOT Tpa- 
BAHBbIe MOJIA. 

Han6onpmee KONMUeCTBO JOKMEBLIX VepBeH HaOJOaeTCA B BePXHeM, XO- 
pollo MpoBerpHBaemMoM M mporpeBaemom ropH30HTe 0—I10 cm, HanOoee 6o- 
raTOM OpraHHueCKHM BelllecTBOM. ConocTaBJIeHHe BeJMYMHbI MOXKXHUBHBIX OCTAT- 
KOB, KOPHeBOH MaCCbI KYJIbTYP, PYMYCa H KOJIMYECTBA NO*KeBHIX YEPBeH BbIAB- 
JIA€T IIPAMYIO 3aBHCHMOCTb MexkKLy HuMH. BepxHve POpH30HTHI M0uB, HaHOo- 
nee OoraTbie ryMycoM, Maccoii KOpHeli, C BEICOKOM OMoreHHOCTbIO, OypHbIM Te- 
YeCHHeEM BCEX IIPOIeCCOB C pe3KO BbIPayxKCHHOH JMHAMMYHOCTHIO CHHTe3a UM pac- 
XOMOBaHHA OPPaHHYeCKHX BeMLECTB UMeIOT HaHOOJIbUIee KOJIMYECTBO HOXACBbIX 
YepBeH; HWKHAA pana OKYJIbTYPeHHOrO CJIOA ABJIACTCA HMXKHeM TpaHu- 
Wel pacmpocTpaHeHuA UM JleATeIbHOCTH JOXKMeBbIX YePBeH B IOXKHBIX MOJIMB- 
HbIX NOUBAX. 

IIpu BosembiBaHHuH MponauwiHOM KYJIbTYPbl TOHKOBOJIOKHHCTOrO XJIOMYAaT- 
HUKa B 1OxXHOK TypkMeHHM HaOJOxaeTCA HaJIMUNe 3HAYHTEMbHOrO KOJMYCCTBA 
NOXKTeBbIX UepBel B CeBOOSOpoOTe, MocTHraloulero CaMOH OO/bUION BeHYMHbI 
m0 Mmulacry pacmaxXaHHbIX TpaB. SaTeM MpOMCXOAMT MOCTeMeCHHOe CHH?KCHHE UX 
KOMMUCCTBA JO CpaBHUTebHO MOCTOAHHOM BeJIMYMHbI MO CTapOmaXOTHbIM MOJIAM 
C ylaleHuem oT rofa pacnaliKH TpaB (MapaebHO OTMeYaeTCAa yxymmeHHe 
CTpyKTypbI mouBbl). AHamormunoe aBseHue 3ameyeHo C. H. Tlonomapeson (OE 
B nepnox Guomormueckoro mpeBpalleHHA HW PpaCXOMOBaHHA OFPOMHbIX KOVJIH- 
YeCTB OCJIKOBbIX BEILeCTB B KOPHAX, HAKOMJICHHBIX JIOMepHOH, B MepHOR BBI- 
cokoro 6uomorMuecKoro HMMYyIbCa NOUR H HaHOoslee afppeKTHBHOrO Moc /eReH- 
CTBHA TpaBAHOTO KJIMHa Ha ypoxwal XJOMYaTHHKA B ceBooOopore Slap ae 
H CaMoe BbICOKOe COMepxKaHHe MACChI LO*KAeBbIX YEPBeH B AEBATHMOJIbHOM (3 : 6) 
uM wecrunolbHOM (2: 4) XJIOMKOBO-JIIOLePpHOBBIX cepoo0opoTax. 

Hasuuue 6ombpwmoro KOIMUeCTBa WOK MeBbIX VePBeH MO Mlacry pacnaxaHHbix 
TpaB — yuuero MpeqWwiecTBeHHNKAa JWIAt XJIOMYATHUKA — ABMIAeTCA OAHOH HS 


‘ age : 
UPHuHH, OOyCNOBIMBaloMleH BbICOKOe MMOMOpOAve HW BbICOKYIO apcpeKTHBHOCTB 
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Taown ma 2 


O6mree KOJIMYUECTBO HW paciipeweJIeHHe JIOXK]EBBIX yepBell MO pa3JIMUHbIM BapHaHTaM TPaBAHbIXx 
MW XJIOMKOBbIX MOeH Ha MouayqM Ao na 
CeBoo6oporTs, arpodboubl — TpaBaAHble M XJOMNKOBbIC NOJIA pasHbIxX JICT, NOUBbI NO MexXaHiye- 
CKOMYy COCTaBy CpeCHeECyIJIMHHCTHIC, 6M Ke K TAXKEJbIM; NOFOpomue cpesHee 


Cpegunii Bec 1 vepBa 
OG6uynii Bec, KT UncaeHHoctTh, TBIC. B €CTeCTBEHHOM 
Topusour, COCTOAHHH, Mr 
Arpogou cM 

mo ropu- no ropu- m0 ropH- 

30HTaM Bcero 30HTaM Bcero 30HTaM 


ee ee eS 


cpefHee 


Tlo TpaBAHbIM MONM pa3/IMUHEIX JeT cTomHuA (cpemuee 3a 1954, 1955 u 1956 rr.) 


Tpappr 1 roga 0—=10 1oown f By) 468,3 | 
10—20 97,4 296,8 212,0 670,0 | 458,0 443 ,0 
20—30 44,0 125,5 350,6 
0—30 

Tpappt 2 roga O0—10 429,9 292 ,0 Bevan 
10—20 194,3 648 ,8 448 ,0 1854,0 | 433,7 349,9 
20—30 24,4 114,0 214,0 
0—30 

Tpappr 3 roga 0—10 677 ,2 1711,0 395,8 
10—20 206, 2 902 ,4 460,0 2270,0 | 448,3 407,41 
20—30 18,9 99 ,0 191,0 
0—30 

Tpappr 4 roa 0—10 944,5 1895 ,0 498, 4 
10—20 12er omnledOSo. 4 280,0 D2EV ON Aaa: 483 ,7 
20—30 Hone 65,0 237 ,,0 
0—30 

Tpappr 5 roa OOM MA4ans DSI (0) 451 ,9 
1020 Zor Son| 12086 447,0 PTO) |! Ole} 2 434 ,2 
pea, 14,0 93,0 150,6 
0—30 


Mo xaonkopbim nomam B ceBoobopote (cxempl 3:6 u 2:4, 1956 r.) 


XaonuarHuk 1 roya 0—10 461 ,6 TAO On| 650,14 
10—20 66,0 548, 4 140,0 975,0 | 471,5 562, 5: 
20—30 20,7 125,0 165,6 
0—30 
XsonuatHnk 2 roza}| O—10 228 ,6 9005,0 ASVAT 
10—20 40,95 Dom TBD 0 670,0 | 300,0 407,6 
20—30 4,0 30,0 1S 304 
0—30 
XnonyatHuk 4roqza| O—10 NOH 380 ,0 425,5 
10—20 S4G0 23550) 126,5 690,0 | 272,7 341 ,3. 
20—30 39,2 183,5 213,6 
i 0—30 
XaonyatTHuK 6 roya 0—10 (2a 220,0 330,5 
10—20 led 129,8 70,0 934,0 || 30155 PYLE A | 
BNE 36,0 150,0 240 ,0 
= 


Ilo xaonkoBbimM Moviim OeccMeHHOM KybTyppr c 1939 r. (1956 r.) 


Munepambxoe u op-| O—10 82,7 240,0 344,6 
raunyeckoe yro6- | 10—20 24,0 141.6 187 SOLO) M28 245,4 
peHua exerogHo | 20—30 34,9 150 232,7 

0—30 

Munepanbuoe yyo6- | O0—10 90,3 160 314,4 

peHue e2KerojjHO mo 32,7 83,0 110 AAD SOS PAST 307, 5: 
0—30 
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MOCJeqeHCTBUA TpaBAHOTO MWiacTa Ha BeMYMHbI ypOxKad TOHKOBOJOKHUCTOrO 
XJIONYATHHKAa, WOKA3aHHOM MHOFHMM TOaMH M3y4eHHA BOMPOCOB XJIOMKOBBIX 
cesoobopotos B TOxHot TypKxmenun (8,1%). 


Vouorauckas ceslekUMOHHaA cTaHuMa Ilocrynusto 
TypPKMeHCKoro Hay¥4HO-HCCleqOBaTesIbCKOrO 28 X 1957 
HHCTHTYTa 3eMJeqeInA 


UWMTHPOBAHHASA JIATEPATYPA 


1Y4.P.,apsuu, Cou., 2, M.—QJI., 1936. 2? A. JI. Bpogexu it, Uccnegopanna no 
dayne mous, TauKent, 1937. * H. A. umo, Tlouwopegenne, Nt 4, 522 (1938). 
4. K. Tapuanuu, Tp. 3 Bcepocc. cbe3gza 3000roB, aHaToMoB H rucrosoroB, JI., 1928. 
5 C¢C. WU. Tonomapesa, OxcnepumMentaibupe pasoTH B OONacTH u3HKH, XHMUH UM OnOWO- 
ruv nous, M., 1953. ° 9. B.Paccea, Iloupenupe ycnosua u pocr pacresuit, M., 1955. 
7H.T.Buneucxk uit, Moupopegenne, M., 1954. § B.H.® y pcos, Tp. 8 o6bequnennHoit 
ceccuu AH TypxmCCP no sompocam crpoutembctsa Kapa-Kymckoro KaHasla MW JlambHeliluero 
Ppa3sBHTHA XNoNKoBoscTBa B TypkMenuctaHe, Amxadan, 1956. °® A. H. Po3sauos, Cepo- 
3empl Cpeguet Asuu, M., 1951. 1° A. H. Po3auos, Tousopegenve, Ne 7, 80 (1954). 
1¢. 0. Jlasapes, Iousm genbtn: Mypra6a 4 BoMpochl arpoTexHuKM XuOMUaTHHKa, Taul- 
KeuT, 1957. 1 C. II. Cy uxos, Iloupn genbte1 Mypra6a u Bonpocel arpoTexXHHKH XJION- 
yaTHuKa, TawKkent, 1957. 4% K. D. Bawedja, Anim. Ecol., 6, 366 (1937). 14M. C. 
IT'uasapoes, Ilouwosegenue, Ne 4, 73 (1941). 2° E. HW. Wuaosa, JI. B. Ky puk, Mou- 
BoBeysenve, No 10, 607 (1949). 1° H. W. ManesBuu, Co6Oupanue u usyyeHuve Jom JeBbIxX 
yeppelt — mousooOpasonateneh. M.— JI., 1950. 37 B. H. Dy pcos, Tlouse zenpter Myp- 
ra6a W BONpocnl arpoTeXHUKH XJomuaTHHKa, TaukenT, 1957. 38 P. A. AnumMaAaKaHoB, 
Tp. cexTtopa 30070ruu, TamxKent, 1946. 


Jloxnnxagnn AkagemMuu nayr CCCP 
1958. Tom 122, Ne 1 


MOP®@OJIOrH A PACTEHHH 


H. B. J{bIJIMC 


O MPOHCXO)KJEHHH BPAXHBJIACT Y LARIX 
(IIpedcmaeaeno axademuxom B. H. Cyxaueeoim 21 V 1958) 


BpaxuGvlacrhl, WIM YKOpOueHHbe WOOeru, COCTaBJIAIOT OOMLEPOOBy!O YePTY | 


JIMCTBCHHHIbI. OHH 3aKOHOMePHO MOABJIAIOTCA y paCTeHHH BCeX BHOB 3TOTO 
pola Ha moGerax BTroporo rojla %KH3SHH HW 3aTeM CPYHKIMOHMPYIOT PAI Mer, pas- 


BHUBadA MWYAKOBY!O XBOPO. Ton OT roa OHH HEMHOFO YBeJIMUMBAOTCA B JVJIMHY, HO, | 


COxXpaHAA MepBHuHOe CTpoeHue, MaJIO H3MeHsIOTCA B TOMMMHY. B cumy store 
MepBOHavaJIbHad MOyWIapoBHyHaA dopma, 


KOTOpylo OpaxHnOuaCcTbl HMeIOT TepBble Tost 


XKU3HM, H3MeHAeTCA Ha poZoroBatyio, 6o- 
Hy!o OpaxnOsacTamM Ooylee CTapbIxX y¥aCTKOB 
BeTBeH. 

IIpu wu3yseHnu mpupoxuoro pasHoodpa- 
3H  BOCTOUHO-CHOMPCKHX u \aJibHe- 
BOCTOUHBIX JIMCTBCHHHIL HAM YylaJlOCb  BbI- 


JI@HHA MOKa3aIH, UTO M10 xapakTepy Opaxu- 
OacT y JIMCTBEHHHL, MOXKHO BLILeINTb Ba TH- 
la BETBeH: OJMH —C OKPYIJIbIMH H KOPOTKO- 
TIpOONToBaTHIMH Opaxu6slacTaMu, HeOOJIb- 
WOH BeIHYMHEI HW HeOObUIOTO BOspacTa, 
HWKe Ha3biBaembli Tun A, BTOpoh —c JHH- 


a 6 


f CKOH 
pow leal parcubeaianaonest cones JWIMHHOWMIMHApHyecKkoH dopMbl, Ooubuoro 


ABUTb H@KOTOPbI€ HOBbI€e 3AKOHOMEPHOCTH E | 
CTpoeHuu HM JosmroseTuu OpaxnOsact. HaOso- | 


HbIMH OpaxHOuJlacTaMu, WHJIMHApHyecKOoH u~ 


OpaxuOnacthr Larix dahurica: a —c 
SK3eMIIApa, COOpaHHOrO B HH3OBbAX 
p. Jlenpt, 6 —c ak3emnasapa, coOpan. 
Horo Ha p. O6op, B  OacceltHe 
p. Amyp. Xopouto BuqHE «<roqMuHEle 
cou» (a — 17, 6 — 5). Cumbuo yse- 


Bospacta —Tun B. 

Tun A orpeuaeT BeTBAM CHJIbHOrO pocta, 
C @KEFOHbIM HapacTaHHeM JOCTaTOUHO JVIMH- 
HbIX MOJIOJbIX mOOeroB (ayKcHOsacT); Tun B, 


HaOOOpoT,— BeTBAM cCwlaOoro pocTta, 4acTo | 


JIM4eCHO 
Hue pala wer. Y MepeBbeB, pacrylulux Ha OT- 


KPbITbIX MeCTax, B YCJIOBHAX MOJIHOFO OCBe- | 


IWCHHA, C XOPOWIMM TPHPOCTOM, BCe€ BeTBH OTHOCATCA K THITY AS Y AepeBbesB, 


PpacTyMHX B COMKHYTOM JleCy, BCTpeyatoTca HIM 06a Tua BeTBe OJHOBPeMCHHO | 


WJM TObKO BeTBUTHMAa B.[loceqHne CBOMCTBeHHBI WepeBbam V ksiacca Kpadra 
MH CTapOMy O4eHb YrHeTeHHOMY MOApocTy, T. e€. pacTeHHAM C _ BeCbMa 


c1aObIM JIM COBCEM MPHOCTaHOBUBIIMMCA IIpHpOCTOM BeTBeli B AIHHY. CmMemeHue | 


THMOB Ha OJ\HOM Jlepepe— ABJIeEHHE NOcTomHHOe y Jepesbes I—II] Kaaccos Kpad- 


Ta, IpWuem BeTBu THNa A pacnosararorea y HUX B BeEpXHeli YaCTH KPOHDbI, C HHTCH- | 


COBePplICHHO He MMEIOIHM MIpuHpocta B Teuye-| 


ylee WIM MeHee ILMJIMHApHueCKy10O, CBOMCTBeH- 


CHBHBIM HapaCcTaHHeM NPHpoOcrTos, a BeTBH THNa Bb —B HWKHeH 3aTeCHEHHOM YacTH | 


KPOHBI, C pe3KO OCJIaOJICHHbIM IPHpoOcToM HOBHIX NOGeroB. B stro cBa3H Tun A 
MOXKHO OblJIO Obl Ha3BaTb CBETOBBIM, a THI B TeHeBbIM THOM BeTBel. Bospact 
OpaxuOslacT Ha BeTBAX Tuna B yacro pocruraer 25—30 mer, Tora Kak Ha BeT- 
BAX Tuna A On pefko npespimaet 10O—12 ner. Bospacr 6paxuO.lacr merKo onpe- 
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ACIHTb Ha MpOROIbHOM pa3pe3ze HX MO MeperopodKaM CTepxKHEBOL OCH HM OCHO- 
BaHHAM JIMCTOBbIX pyOloB (puc. 1). Kpome Toro, y BersBeli Tuna A ocHoBHast 
macca OpaxuOuact (75%) npuxogzutca Ha Bo3spacr 2—5 er, a y BeTBell Tuna B— 
Ha Bospact 10—25 ner (85%). Pesko ormmuaerca y BeTBeil STHX THNOB TaKxKe 
BO3pacTHoe pacnpeeseHue OpaxuOwacr: y BeTBeli Tuna A OHO HuMeeT BH OXHO- 
B€PUIMHHbIX, OMHOCKATHBIX WM ObICTPO CnaalOuluX KPUMBBIX, a y Tua B — pac- 
TAHYTHIX, HE€MPaBHJIbHO 3yOuaTHIX, CHJIbHO YMVIOULeHHbIX (pc. 2). 


wa 


4 ; 2 6 | dheote 
Gospacin nobezob 


Puc. 2. Bospactuoe pacnpefesenue OpaxuOmact Ha BeTBAX aypCKOit 
JIMCTBCHHHUB, BbIPOCHIeH pu pa3HBIX yCOBHAX cpefEr. 1 — epe- 
Bo II—III xnaccos Kpadra, pepxuue Bersu (OTHOMeHHe TeKylero 
IipHpocra K oOuleli WuHe Mo6eroB | : 4); 2 — To xe FepeBo, HUKHHE 
BeTBH (OTHOIMeHHe TeKyllero NpHpocra kK OOuleli AMHe MOGeros 1:86); 
3 — XOpOlIMH MoApocr Wok Momorom seca, BCe BeTBH (OTHOWMeHHe 
TeKyllero MpHpocra K OOuleH AaHHe mMoGeroB | : 19); 4 — gepeBo 
V xaacca Kpadra, pepxuue BeTBH (OTHOWIeHHe TeKyllero mpupo- 
cTa K oOOWel AHHe noGeros | : 53) 


Jipyrou BaxkHOH 3aKOHOMePHOCTbIO B CTPOeCHHH OpaxnOsacT ABJIAeTCH ACHaA 
3aBHCHMOCTb (POPMUPOBaHHA BeTBe THNOB A u B oT KMMAaTHUeCKHX HM MOUBeHHO- 
I'pyHTOBbIx yCoBHuH. Bersu Tuna B oco6eHHO XOpoulo BbIpaxKeHbI Ha PpacTeHHAX, 
WpouspacTaiwolulux B KpaliHe HeOMarONpHATHBIX YCJIOBMAX Cpebl — Ha Bepx- 
HEM H MOJAPHOM Mipeyese seca, Ha CcbarHOBbIX OOOTAX, Ha KAMCHHCTHIX CYXHX 
CKJIOHAX, CKaJlax, T. €. Be3- 
ye TaM, Pe HapacTaHHe MO- 
JIOMbIX TOLMUYHBIX MPHpOCTOB 3aBHCHMOCTb BO3PacTHOM CTPYKTYPbI YKOPOUCHHELX MOOeroB 
yem-H60 pe3Ko ocna6eHo, Y THCTBeHHHIbI OT HHTeHCMBHOCTH TeKyllero Mpupocta 


BeTBeH B JJIHH 
Jlonrosmetue 6paxHOsacros B y 


Ta6Oauna 1 


39THX YCJIOBHAX OCOOeCHHO Oruomenne | WHCTO SpaxuOmact, % 
3HauuTelibHO. Ha Koupime, ae 

2 ; 2 _49. |CTaplwe 
ee ee ee 
mpefeie meca Obl coOpan perpen HX 
S9K3eMIVIAp MaypCKOH JIMCT- , 
BEHHHI{bI, YKOPOWCHHBIC NO- Ay (enact mpupocr) | 1:4 76,4 | 22,8] 0,8 
OerW KOTOPOrO HaCYHTHIBAIM AQ (cpeguuii npupocr) 1:19 49,6 | 32,4 | 18,0 
Bpospact fo 40 mer MH KOTO- 5 (amurooknetli mpu- 453 16,6 | 28,8 | 54,6 
ppt He uMen OpaxnOacToB pocr) 


mosoxe 10 mer. Pacrenne 
pocIO B HEBEPOATHO TAXKEILIX YCMOBUAX M Tak TyrO, 4TO kK OO rofxam wJerKo 
yMelaslocb BMeCTe C KOPHAMM Ha MNOJIOBHHeE TepOapHoro sJMCTa (puc. 3). 
Bersu tuna A wsyaue Bcero BbIpaxKeHbI Ha paCTeHHAX, XOPOWIO OCBe- 
INCHHBIX H pacTyulMx B Ooulee MATKOM KJIMMaTe M Ha XOPOWeH MOUBe, T. €. TaM, 
rye BHCWIHAA Cpea CTuMyMpyeT MHTCHCHBHOe HapacTraHHe MOJOMLIX NooEros. 
Vis uem cusbuee user mpupoct, TeM Obicrpee ormupaior crappie OpaxHOuacTDl 
TeM BbIIMe MpowenT Opaxn6,act B Bospacre or 2 qo 5 ser (Taba. 1). 

Bugumo, pocrospie moGeru (ayKCHOulacTbl) pH CHJIbHOM pasBUTHH MOAaB- 


JIAIOT JICATCJIbHOCTbh YKOPOUCHHBIX mo6eroB, cOKpaularoT WepHoyl UX 2KHSHH, 
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HW 3THM COOTHOMeHHE ayKCHOuacT Hu OpaxHOsacT B KpOHe epeBa BeCbMa Halio- 
MMHaeT XOPOWO H3YUeHHY!O KOPPe/IALMIO B pocTe OCeBbIX H OOKOBbIX BeTBeH 
jpesecubix mopon ((°, °, 7) uw ap.). 

OrmeveHHbIe 3aBHCHMOCTH MexKAY osuromeruem OpaxHOsacT, yCIOBHAMH 
MeCTOOOMTaHHA HM MHTCHCMBHOCThIO pocta ayKcHOnacT y Larix HMeloT, KaK HaM 
KaKeTCA, CYN[CCTBEHHBIM MHTepec Wid NMOHHMAaHHA MpHYMH H COBH Audde- 


Puc. 3. Jlaypcxan mucrBennuua B 
Bospacre OKOWIO 45 JleT C MOJAPHO- 
ro lpefema JIleca B OKpyxHOCTH 
Huxxue-Kompmcxka. 3/4 nar. Bes. 


penlwaluu OpaxuOmacT y aHlecTpasibHOH dop- 
Mbl MHTepecyroulero Hac powa. Esa sw Halo 
oco60 NOKa3bIBaTb, UTO B PAY MPH3HAaKOB ayK- 
cuOmacTbl — OpaxuOMacTbl YBOJIOWMMOHHO  BTO- 
PHUHBIMH, Ooslee ChelMaJIM3HPOBaHHbIMH ABJIA- 
jorca OpaxnOnacThr. Jina Larix 9To oOdmee 
WpaBuslo MOxeT ObITh NOATBeEPHKeHO, BO-Mep- 
BbIX, BTOPHUHOCTHIO OpaxuOacT B OHTOreHese, 
BO-BTOPbIX, COMPAXCHHOM C NOABJICHHeEM YKOPO- 
YeCHHBIX MOOerOB CMeCHOM MepBOHAYaJIbHOrO OUe- 
pequoro smucTopacnoomKeHHA Oovlee MOJBHHY- 
TbIM MYYKOBbIM. STO aeT OCHOBaHHe CUUTATb, 
YTO mpeqkoBaA (opma Larix uMeJIa TOJIbKO ayK- 
CHOaCTbI HM COOTBETCTBEHHO OJHHOUHO paciouo- 
2KCHHY}O XBOIO, peAkylo UH pbixXJlylo Kpouy. Ta- 
Kan CTPyKTYypa, Kak H3BeCTHO, BeCbMa THMH4HA 
WIA JpeBeECHbIX PaCTeHHH TPOMMYeCKUX MeECTHO- 
cTeH c OOnMsIMeM Tenia MH Baru, CTHMYJIMpyto- 
IHX CHCTeMaTHYeCKkOe HW MOLM[HOe HapacTaHHe 
HOBbIX OC€BbIX IIPHPOCTOB, CMOCOOHBIX pa3BH- 
BaTb TaKO€ KOJIHYUECTBO JIMCTbeB, KOTOPOe CBOeH 
AaCCHMVJIAUMeH MOKET MOKPbIBaTb BCe TeKYIMLHe 
NOTpeOHOCTH pacTeHHH B IJIaCTHYeCKHX BeLLeCT- 
Bax. I]peqxopas cbopma Larix Tome, BUJuMO, 
oOutTala B YCJOBHAX OaronpuHATHOTO JA po- 
CTOBbIX MpoweccoB covueTaHHA Tenia HW BMarH. 
Hcxoyqa W3 ykKa3aHHOH BbILIe COBPeMeHHOH 3a- 
BHCHMOCTH JlouroueTHA OpaxnOmacT OT ycOBH 
Cpebl, MO%KHO lyMaTb, 4TO TpaHccopmallHa 
9TOH MepBHYHOH CTPyKTYpbl aCCHMUJIAILMOHHOTO 
alnapata B THM COBpeMeHHbIX Larix c Opaxn- 
OjlacTaMH WM MY4KOBOH XBOeH MpoH3ola nO 
JeHCTBHeM eCTeECTBEHHOrO OTOOPa, Kak ajlantTa- 
WMA K TCM H3MCHCHHAM KJIMMaTa, C KOTOPbIMU 
mpeqkospana dopma Larix cTouJKHYJacb B M3BeCT- 
HOe BpeMA WIM Ha MECTe, HIM MpH Murpalun, 
WM KOTOPbIe HCKJNOUaJIM BO3MO%KHOCTb CHCTeMa- 
THYeCKOrO OOpa3sOBaHHA HOBbIX CHJIbHbIX IIPH- 
pocToB (MaJiO Telia, MajiO BuJlarM, KOpOTKHi 
nepuoy Bereraliuu). B aTHx ycOBMAX cTapas 
CTpyKTypa KPOHbI yxe He MOrla OOecneyHBaTb 
pa3sMeuleHHA moTpeOHoro WIA aCcCHMHJIAILHM 
KOJIMUeCTBAa XBOH. OOpa3s0BaHHve YyKOPOUeHHbIX 
mo6eroB C MYUYKOBbIM paCiOsIOXKeCHHeEM XBOH 
CHJIbHO YBCJIMYHJIO MOBeCPXHOCTb CKeJIETHbIX 
BeTBEH, CMOCOOHYIO HeCTH XBOIO, H 3THM Pe3KO 
YBeJIHMYHJIO TYCTOTY KPOHbI H JaJIO BO3MO2XKHOCTb 
pacTeHHaAM ObICTpO pa3BHBaTb CHVJIbHbI accu- 
MHJIAIHOHHbIM = anmapaT C MMHMMaJIbHOH 3a- 
TpaTOH S3anaCHbIX NMTATeJIbHEIX BeljecTB. Bpl- 


rowa TakoH TpaHcopMallMu B CTpyKType KPOHbI OcOGeHHO yOenUTeIbHO BUL- 
Ha y pacTeHuli, Mpou3pacraioulHx B OCOOO CYPOBbIX YCJIOBHAX MKH3HH: Ha Ipa- 
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HHuax Jieca B TOpaxX HW Ha CeBepe, Ha CKNOHAX, Ha CHJIbHO 3a60J1I0UeHHDIX 
mectax. Hapacranwe HoBbIX ayKCHOacT B TaKHX YCJIOBHAX MIM He ocyure- 
CTBIIACTCA MO MHOry JI€T MOMPAA, WIM WeT TaKHMH 3aMeIVICHHbIMH TeMmaMu 
(MHJIJIMMeETpbI 3a Ce30H), YTO Pa3MECTUTbCA Ha HUX MOXKET COBCeM HUYTOXKHOe 
KOJIMYECTBO XBOH, HE CMOCOOHOe CBOE PaOoTOH MOKPbITh paCxOb accuMuA- 
TOB JlaxKe Ha J[bIxaHne. 

CielyeT OTMeETHTb, YTO 3aBHCHMOCTb M@XKJLY YKOPOUeHHBIMH HM POCTKOBLIMH 
noOeraMH MH YCJIOBHAMH MecTooOuTaHUuA, MoOxoOHaa oOHapyxeHHoH y Larix, 
HE ABJACTCA CNeWMPUYECKH «“JIMCTBCHHHYHOM». C HEKOTOPbIMH BapwaluAMH OHA 
MM€CT MECTO Y MHOFHX, eCJIM He y BCeX MOPOL, XapakTepH3YIONIUXCA MeeHHeM 
KPOHbI Ha ayKCHOulacTbI H OpaxuOuacrhl. JlaA usOCTpaluH MOxKHO CocmaTDCA 
Ha pol Pinus. Conocrapjenue JoJIropeuuaA XBOM y pa3HbIX BHOB 9TOTO pola 
NOKa3bIBaeT, UTO y COCeH, PacTYLIMX B OCOOO OMarONPHATHBIX YCMIOBUAX CyOTpO- 
NHKOB HM TPOMHKOB, WH MMEIOWLMX CHJIbHbIC MPHPOCTbI, YKOpOveHHHIe moberu u 
xBod »%UBYT 1—2 roya (Pinus heterophylla, P. palustris, P. glabra, P. Merku- 
sii, P. longifolia, P. khasia, P. yunnanensis u zp.)), a y CoceH, HaceJIA10NHx 
CeBepHble OOaCTH 3eEMHOFO Wapa, Mpesesbl seca Ha CeBepe HM B ropax, WITOpMO- 
Bbl€ YaCTH MOPCKUX NOOepexui, CcbarHOBble GoloTa HM MMeIOMNIMX TyroH pocr — 
oT 4—5 yo 12 ner (Pinus contorta, P. aristata, P. Balfouriana, P. albicaulis, 
P. montana). 3a HeKOTOPbIMM MCKJIOUCHHAMH, B Mpesemax OMHOrO Bua COCHDI 
XBOA TOxKe Oosee JomroBewHa TaM, rye cpefla MeHee OularOMpuATHA AIA pocta. 
Hanpumep, no HaOmofeHuam B Sanaquou Espone, y Pinus montana na Bpicore 
230 M Hall ypOBHeM MOps” xBOA *KuBeT 4—O eT, Ha BHICOTe 1400 M7 wer, a Ha 
1750 m 8—11 aer (}). 

B murepaType BO3HHKHOBeHHe B KPOHE JlepeBbeB YKOPOYeHHbIX mO0OeroB 
paCleHHBaeTCA Kak ABJICHHe, OOeECHeUMBAIOMee MIOOHOMIeHHe U Soee MOMHOe 
UCHOIbSOBaHHe 3aHATOrO mpocrpaHcTBa (? +). OHakO, CCIM HCXOAMTb 3 CKa- 
3aHHOMO BBILe, TO, KaK HaM KaxkeTCA, LuddepeHunaluio y pacTeHult yKopouen- 
HbIX N00erOB MpaBHJIbHee PpaCCMaTPUHBaTb Kak ajlanTalMio K NMOMeprxKaHHIo 
HeOOxOZMMOrO OObeEMA ACCHMUVJIAWMOHHOPO almapatTa B YCJIOBHAX ACHO BbIPaxKeH- 
HOFO MOaBJICHHA POCTOBbIX MIPOMecCOB WIM HeocTaTKa Telia, CBeTa WIM Apy- 
rux cdbaxTopos. []noqoHomreHue HM NOMHOTa HCMObSOBaHHA 3aHATOrO KPOHOM 
IIpOCTpaHCTBa He HMeJIM B LuddepeHuualluH YKOPOUeHHBIX NWOOeroB Besyuero 
3HaUeHHA MW CBA3A@HHbIMA C HAMM OKa3aJIMCb JIMLIb BIOCIeACTBHH. 


Vucrntyt seca : Tlocrymuso 
Akajlemuu HayK CCCP 20 V 1958 
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Jloxxann Arxayemuu nwayr CCCP 
1958. Tom 122, Ne 4 


@H3HOJIOTH A PACTEHHH 


10. B. PAKHTHH u 4H, JI. WUMYJIOBCKAA 


O ZETOKCHKAUHA HEKOTOPbIX CHHTETHYECKHX BELJECTB 
B PACTEHHM 


(ITpedcmaeaeno axademuxom A. JI. Kypcanosoim 31 V 1958) 


Vimerouweca SKCIepHMeHTaJIbHbIe JaHHble MOSBOJIMIH CleaTb BbIBOZ, 4TO, 
omaB B pacTeHHe, TOKCHYeCKHE BeLeCTBaA MpeTepleBaloT CYUeCTBeHHbIe mpe- 
BPalleHUA, COMPOBOXRLaloMMecA W3MeHEHHeEM CTeMeHH MX TOKCHUHOCTH (' *). 
B 3aBHCHMOCTH OT XHMHYeCCKOH MpHpOAbl TOKCHYeCCKHX BeMLeECTB MPOAYKTbI UX 
IIPeBpalleHHH MOTYT OKa3aTbCA MeHee HIM OoOlee TOKCHUHbIMM, YEM CaMH HCXO]- 
Hple BemmecTBa (',”). Ecam 03a HCXOAHOrO TOKCHYeCKOrO BelecTBa He Obla 
CJIMUIKOM OoubWOH, TO MpeBpaueHHe ero B COCMHEHHA C NOBbILICHHOH TOKCHY- 
HOCTbIO MIpelcTaBsIAeT COOOM JIMLIb BPeCMeHHOe ABJICHHE, Tak Kak, MperepmeBaA 
JlaIbHeHIIMe H3MeCHEHUA, ITH COCMMHEHHA — MOMOOHO BelllecTBaM, JalOulHM B pa- 
CTCHHM TOJIbKO M@Hee TOKCHUHBIE MPOAYKTbI, —NosBepraioTcs AeToKcukauH (7,5). 
Maye ropops, MpOMCxXOAHT NpeBpalleHHe TOKCHYECKHX BEILeCTB B KAKHe-TO MeHee 
TOKCHUHbIe coequHeHHA. IIpomecc WeTOKCHKallMH paCCMaTpHBaeTCH HaMH Kak 
pe3yJIbTaT AKTHBHOFO COMPOTHBJICEHHA OPpraHH3Ma BPeAHOMY eHCTBUIO TOKCH- 
YeCKHX BeILeCTB; HHbIMH CJIOBAMH, AeETOKCHKaAUMA — 9TO CJIEACTBHE 3alI[MTHbIX 
peakiui »xuBOM cuctempr (14), 

Jlerokcukallua B paCTeCHHAX AJOBUTHIX BeUIeCTB Oblla MpoCciexKeHa B Halleli 
aOopaTopuu Ha MpHMepe MHOrHX TOKCHUHBIX COCIMHeCHHH (3THJIOBLI CnupT, 
S9THJICHXJIOPrHAPHH, POJaHHCTbId AMMOHHH, THOMOYeBHHA, &-HadpTHJyKCyCcHan 
Kuciota (AHY), 2,4-quxsopdenoxcuyKcycuas KucsoTa (2,4-]]), 2,4,5-Tpuxsop- 
cbeHokcnyKkcycHaa KucuoTa, (2,4,5-T), KapOaMaTbI, ruApasu MaJIeHHOBOH KHC- 
JOTI H Jip.), HCMOb3YeMbIX B KaYeCTBE CpeACTB CTHMYJALMH HU TOpMOxKeHUA 
cusvosorMuecKHxX mpoweccos. O eTOKCHKalHH BeMeECTB CBHJeCTeIbCTBOBAJIO 
B JaHHbIX ONbITaX TO OOCTOATEJIbCTBO, UTO MOCJE BbISbIBACMON HCIbITyeMbIMH 
BeIICCTBAMH 3aJepxKKH POCTOBLIX MPOMeCCOB NOCTeNeHHO MpPOHCXOAMO BOCcCTa- 
HOBJIeHHe mocmeqHHXx (7, 5). 

OHM U3 CYILeECTBCHHBIX ITyTeH OOC3BPEXKUBAHHA WIM YMCHbINeCHHA TOKCHU- 
HOCTH AJOBHTHIX Be[CCTB ABJIACTCA COCAMHEHHE MOCJICHHX C TEMM HIM MHbIMH 
MIpOLYKTAMM 2XHSHEMeATeIbHOCTH OpraHH3sma (!,”). CBoio paOory mo pacKpBITHIO 
MeXaHH3Ma leHCTBHA TOKCHYCCKHX BEeIIECTB, XapaKTePH3Y!ONIUXCA BbICOKOL 
(pu3HOMOrH4eCKOH aAKTHBHOCTbIO, Mb (1,”) HaMeTHJIM Ppa3BHTb B CJIeLYIOULHXx 
HalpaBJieHHAx: 1) CHHTe3 MpenapaToB, MpelcTaBsIAIOULAUX COOOH coesquHeHHA 
TOKCHYeCKHX BemecTB (2,4-J1; 2,4,5-T; AHY; KapOamatpl, ruqpa3suq, MasenHo- 
BOM KMCJIOTbI MW Ap.) C pasJIMUHbIMH MpOAyKTaMH X%Ku3HeMeATeMbHOCTH pacTeHHit 
(caxapa, AMHHOKHCJIOTbI, BHTaMHHbI HW Jp.); 2) comocraBmenue TOKCHUHOCTH 
STHX MpenapaToB C TOKCHYHOCTHIO HCXOMHbIX CHHTCTHYeECKHX BeulecTB; 3) H3yye- 
HWe JMHAMMKH MpeBpamjeHHA u MyTeH MeTOKCHKalHH TeX HM Apyrux BesecTB 
B pacTeHHH. 

K yka3aHHOMy THMY COeMHeHHH OTHOCATCA CHHTe3HpOBaHHble B Halleli 
jadopatopuu H. H. Menbuuxospim u H. C. Boxapespm cepuu 2,4,5-rpuxsop- 
(peHOKCHalleTHIAMMHOKHCIOT HM &-HadTHialeTHiamuHoKucmor (°,7). Hanum 
MCCICOBAHHA NOKa3saJIM, YTO CpeAM CHHTe3HPOBAaHHbIX 2,4,5-TpuxsopdenoKcn- 
alleTHJIAMHHOKHCJIOT HMeIOTCA COeMHEHHA HM MeHee HM Goulee TOKCHUHBIe, YeM 
2,4,5-TpuxsopeHokcuykycuand KucwoTa. Uro Kacaercsd yKa3aHHbix “%-HapTul- 
alleTHJIAMMHOKHCJIOT, TO BCe OHH, MO HallIMM JaHHbIM, OKa3aJIMCb MeHee TOKCHY- 
HbIMH, veM AHY. YnomMsaHeM TakxKe CpaBHUTe/IbHble aHHbIe m0 dusvomoruye- 
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CKOH AKTHBHOCTH a-(2,4-1HxOpdeHOoKcu)-NpoOMHOHOBOl KUCAOTHI (2,4-]1Tl) u 
18 pasnMuHbIx a-(2,4-quxophenoKcn)-nponvonuamunoKucsor (1°), Kak cue- 
AyeT W3 STHX JaHHbIX, JIA MpopocrKoB suMeHsA BCe 18 mponsBOsHBIX 2,4-JIII 
OKa3aJIMCb MCH€€ TOKCHYHBIMH, YeM 2,4-JII]; Lia mpopocTKos 60608 u oryploB 
YKa3aHHble MPOW3BOAHbIe ObWIH B MOJaBJIAIOULEM UHCJIe MeHee TOKCHUHDI VM JIMLIb 
B HeOOJIbIIOM UnCIe —Oomee TOKCHUHBI, vem 2,4-JITI. 

IIpuBexeHHble JaHHbIe NO3BOMAIOT CelaTb TaK2Ke BHIBOL, YTO CCIM yKa3aH- 
Hbl€ CHHTeETHYeCKHE BeulecTBa (2,4,0-T, AHY, 2,4-JIIl) coequnaiorca B pacrte- 
HHH C aMHHOKHCJIOTAMH, TO MHOrHe 3 BHOBb OOpasOBaBLUIHXCA BeULeCcTB OyLyT 
MO TOKCHYHOCTH YCTYNaTb B3ATbIM CHHTCTHYCCKHM BeleCTBaM MJIM MpeBocxo- 
JHTb MX. 

mes B cBoeM pacnopsxeHHN px 2,4,5-TpuxmopcdenoKcualleTHlaMHHOKUC- 
JOT M &-HaPTHMalWeTHAMMHOKUCJIOT, B TOM YHCJIe H TakHe COeAMHEHUA, KOTOPEIe 
Mpe€BOCXOAAT MO CBOeH AKTHBHOCTH HCXOJHbIC CHHTCTHYECKNE BeUleCTBAa, HalIpH- 
mMep N-2,4,5-rpuxsopdenokcuanern-dl-uucruTun u 2,4,5-rpuxiopdenoKcuale- 
THJI-d-rIyTaMHHOBaA KHCJIOTA, Mbl PelWWIHJIH BbINCHHTh XapakTep M3MeHeHHA 
TOKCHYHOCTH STHX BeULECTB IPH BBeJeHHM HX B HaOyxaloujHe CeMeHa MIMICHHIDI 
«Mockopka» HM pequca «Po30B0-KpacHbili» B cCpaBHeHHH mpenapatamu 
2,4,5-T u AHY. IIpenapar 2,4,5-T wu ero mpon3Bogquble, B3ATHIC B Bue Tu- 
9TAHOJIAMHHOBBIX COJIeH, yNOTpeOsHMCcb B Buse 0,01% pacTrBopoB B pacuere 
Ha 2,4 5-T, a npenapar AHY u ero mpon3BosHble, B3ATHIC B BUC KaJIHeBbIXx 
CouleH, IPHMeHAVJINCb B Bue 1% pacTBopoB B pacuere Ha AHY. Cemena pesca 
WM MWeCHHIbI 3aMauMBaJIM B PaCTBOpaX HCIIbITYeMbIX BEILeCCTB B TEeYeHHe CyTOK 
M mpopaliMBaM B Yaukax Ilerpn Ha BaxKHOH CuJIbTpOBasIbHOH Oymare upH 
Temnepatype 26°. B Kkaxyly1o uauiky nomena 50 cemaH pequca uu 30 cemaH 
nmeHHubl. [lopropHoctb jByxkpaTHad. M3meneHue pocToBbIx MPpOleccoB BO 
BpeMeHH mpefcTaBsieHo B TAO. | xu 2. 

IIpupeyenupre B Tad. | u 2 MaHHbIe MHTepPeCHEI, Npexe BCero, TeM, UTO OHH 
MOLMTBepxKWaloT panee CeaHHble Hamu (°) HaOsmOMeHHA, UTO 2,4,5-Tpuxsopde- 
HOKCHAalleTHJIAMHHOKHCJIOTHI HU a-HadTHaleTHJIAaMHMHOKUCJIOTHI B OOJIbINMHCTBE 
CIYUaeB CYILECTBCHHO OTIMYAIOTCA MO CBOeH TOKCHYHOCTH OT IpenapaTos 2,4,5-T 
u AHY, uro pacTeHuc NUIeHHIbI OKa3aIHCb 3HaYHTeIbHO Oovlee yCTOHUMBbIMU 
K Je@HCTBMIO HCMbITaHHbIX PAXOB COeCAHHEHHH, YeEM PaCTeHHA peluca, UH, HaKO- 
neu, uTo 2,4,5-T u 2,4,5-TpuxsmopdeHoKcnalleTHJIaMHHOKUCJIOTEI OKa3aJINCb 
10 OTHOWECHHIO K JBYJOJIbHbIM H OJHOJOJbHBIM PpaCTeHHAM Coulee TOKCHUHBIMH, 
yem AHY u a-HacbrusaleTuaMuHoKucoTH. Kak moKa3biBaloT MOJIYYeHHBIe 
JAHHbIe, BCe B3ATHIC MpemapaTh! BbIZbIBaIH Y MpOpocrKOB pefuca (moO cpaB- 
HeEHHIO C KOHTPOJIbHbIM BAPHaHTOM—BOfla) CHJIbHYy!0 M HeEOOpaTHMy!0 3aepxKKY 
pocta. Hexoropbie CoeAMHEHHA OKaSaJIHCb HAaCTOJbKO TOKCHUHbIMH, YTO OHH 
HOJIHOCTbIO NOMaBJIAIM pOCcT KOpHelt u cTeOneH peguca. Bo MuHorux Culyyasnx, 
KOra MpelapaTbl OKaSbIBaJIMCb MeHee TOKCHYHBIMH, POCT KOpHeH uM cCreOueli 
peluca MpHTOPMaxKUBAJICA, 3ATEM HECKOJIbKO YCHJIMBaJICA HW MOTOM 3HaYHTeIbHO 
ocma6masica. Takoe H3MeHeHHe pocTa rOoBOpHT O TOM, YTO MpenapaTbl CHayawia 
noyBeprasucb B TKaHAX HHTCHCHBHOM JleTOKCHKAaMH, HO 3aTeM CONPOTHBJeHHe 
OpraHu3Ma, M0-BHuMOoMy, ocwaOIAocb. B KOpHAX MpOuCxXOMa JOBOJbHO 
MHTeHCHBHaNA ReroKcuKauua 2,4,5-T u 2,4,5-TpuxsoppeHoOKCualleTH JIAaMUHOK HC- 
not. Ha 9TO yKa3biBasIoO HeIpepbIBHOe YBeMYeHHe MPHpoOcta AIM KOpHeH. 

Vutepecuble H3MeHeHHA POCTOBbIX MPOMeCCOB ObIIM OTMeYeCHLI MPH BoOsseH- 
CTBUM MpenapaToB Ha MpopocrKH nmueHuubI. Bce CoeHHeHHA BbISbIBaIH y Mpo- 
POCTKOB MMeHMUbI (10 CpaBHEHHIO C MPpOPOCTKaMM KOHTPOJIA — BO]la) NOBObHO 
3HAUHTeIbHOe TOPMOXKeHHe POCTa, HO 3aT€M UX POCT HEMPePbIBHO YCHJIMBaJICs, 
BO MHOFHX CJly4aAX CpaBHHBaACb C POCTOM KOHTPOJIbHbIX PacTeHHH HM JaxKe ore- 
pexkasd pOcr MocseqHUx. ITO CBUJeTEbCTBOBAIO O TOM, UTO B MpopocTKax mule- 
HHI[bI MPOHCXOAMIa SHEprHynHad MeTOKCMKAaMA BCeX UCC/eOBABLUUXCA XUMHYC- 
CKUX CoemHHeHHIi. Takum oOpa3oM, BCe HCIIbITaHHbIe COCAMHEHHA, BH 3aBHCH- 
MOCTH OT CTeMe€HH MX TOKCHUHOCTH (OYAYYH MpPHMeHEeHbI B COOTBETCTBYIONLNX 
jlo3ax) mperepmeBaloT B pacreHusAX AeTOKCHKaLMIO HM OaroqapA sTOMy yTpauH- 
BaloT CBOIO (pPH3HOJIOTHYeCKYIO AKTHBHOCTD. 
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Lacowawi0 al 


VWi3menenne aktuBuoctu 2,4,5-T u 2,4,5-TpuxmoppenoKcualeTHaMHHOKHCJIOT B pacTeHHAX 
IWeHHEBI M pequca—cpemnuit mpupoct acre pacrenuli 3a jBoe CyTOK (B MMJIJIMMeTpax) 


Timiennnya Pegzuc 
IIpenapar (KonueuTpauua cTe0JM ESO) ets cTeO iH KOpEy 
0,01% B pacuete Ha 2,4,5-T)} & fe B a B & e & & G & 6 
> S = Ds Ss ES bo Ss > 5 = SS 
(Ss) [S) 1-7 1S) 1<) ie} 1S} 1S} 1S) (S} Vv 1) 
foas | aN oO AN st oOo N = co N st coo 


2,4,5-Tpuxopdenoxcuane- | 5,7 | 14,0] 47,6] 19,0] 26,6) 112,9] 1,4 AG AB 2 ARS ZOE ORS 
Tu -dl-r1uKOKON 
2,4,5-Tpuxsopenoxcuane- | 7,6 | 14,1) 50,9) 26,7| 44,7) 177,5|1,6)2,4] 0,6/1,8)4,1 10,9 
Tu-dl-q-allaHuH 
2,4,5-rpuxopdenoxcuare- | 6,0| 16,8] 47,6] 16,7| 30,5) 121,2)2,5)1,4) 0,9} 3,0 Dy oi sO 
THs-dl-$-alaHuH 
2,4,5-1puxsopenoxcnane- | 5,0] 13,5] 48,0) 17,7) 35,2} 132,0)1,7)2,9| 0,2/1,9)4,4| 8,7 
TH-dl-BasIMH 
2,4,5-rpuxmophbenoxcuaue- | 4,5 | 14,2] 36,6] 16,8) 36,6) 92,0/0,1)3,1| 1,2]}0,8/3,0) 6,7 
TuJ-dl-cepHu 
2,4,5-Tpuxnopdenoxcuaue- | 4,3] 13,6) 38,9) 11,6) 20,4) 83,1/0,21/3,0] 1,0/0,9|)2,0} 4,4 
THa-dl-nucTHH 
2,4,5-Tpuxsoppenoxcnane- | 7,8 | 16,2} 57,4) 28,0) 37,1) 171,2/0,5| 2,3] 1,8|0,8)2,7] 9,0 
Tusi-dl-actiaparMHoBaa 
KUCIIOTAa 
2,4,5-Tpuxnopdenoxcuane- | 7,1 | 16,9} 50,6) 23,4) 33,4) 110,0}1,0}2,0) 2,0}1,3]1,9) 41,14 
qTus-/-riioTaMuHOBaA 
KuCOTAa 
2,4,5-Tpuxmopdenoxcuaye- | 8,1 | 19,7) 57,4] 20,4) 33,9) 127,9]1,9]1,8) 0,9} 2,1) 4,2] 11,0 
Tuu-dl-T puntopan 
2,4,5-Tpuxnopdenoxcunaue- | 3,0} 7,8/39,7/ 9,8) 16,4) 119,7/0,5) 2,5) 1,2)1,0)2,5|] 7,0 
THs-d-TPIOTAMHHOBAA 


KUCJIOTAa 
2,4,5-TpuxsopeHoKcnykK- TAO, OOS 2 keen 8) Ot MOIe Lodumonl die [22 le ded lidee eae eres a nce ltetee 
cycHad KHcIOTa 
Bona NECON ZOMSSOl SRO ORO To pSilioy Oui ola ator O)Ge 2a eo 


Ta6aunma 2 


Vismenenue akTupHocrd AHY u a-HadrTu-aleTuaMMHOKHCJIOT B pacTeHHAX MDICHHIbI 
uM peyuca — cpeqHHH MpupocT wacTeHl pacTeHuaA 3a Boe CYTOK (B MHJIIMMeTpax) 


Ilmenuua Peyuc 
IIpenapat (Konmentpanusa 1% cTeOuH KOpHH cTeémH KOpHH 
B pacuete Ha AHY) 5 5 S 5 5 5 S 5 E Ee _ 
if 

a -HapTusanetus-dl-penua- AA FAS OSE PLO 3 Ol Nk) 0) 0 0 0 0 

aJlaHuH 
a-HapTHlaneTus-d-aaHuH AT a); 26m|e020 16: | 28: e783 0 0) O79 [0 0 Ons 
Q-Haprumauetus-l-acnaparun | 18 | 22 | 67 | 16] 24| 57/1,1|] 2,5/0 |1,0] 5,6 1,2 
a4-HadpTuanetua-l-raiotamu- 15) 40.400 | 49 1 Solita (0.7) 3.4 10,510,010 2s 0.8 

HOBaA KUCIOTAa 
&-HapTunayeru-l-yucTHH 19 SL 90.) 49 | F81N6440, 43,3500 0, 6a ear ioue 
a-HapTuanetui-dl-acnaparuy | 15 | 38 | 67 | 18 | 48} 66/0,9| 2,7 ]10,7/0,9| 4,2] 0,6 
o-HapTuaneTus-dl-acnaparu- | 18 | 39 | 71 | 29 | 42/110/0,6] 5,5 /0,9/0,7] 6,4] 0,2 

HOBaA KUCJOTA 
a-HadpTus-dl-HopseniwH 14 38" | Ta Pro B20 0 0 OP MPO 0 0 
a-Haprumanetus-di-rmotamu- | 18 | 43 | 61 | 16 | 45] 57]/0,6}| 2,9 |0,8]/0,7] 2,8] 4,1 

HOBaA KuCJIOTAa 
a-HapTumanetum-dl-TpeoHuH 20 hB3he OF} 88)| 42h LOG. 0.084 we Asked 42 Ou 0,161.89.) coud 
a-Hadptunanetu-dl-BamHH On Sue OOn es om mona meron) 0 Oma 0 0 0) 
o%-HadpTHaneru-d/-nevHiun 1 ay TS 26" 9) 4040 0 OO 0 0 
a-HadbTusianetTua-dl-1ucTuH 48°) 50)| 55043 158 (e440) 9112-9 207 POPS 8 solaorS 
a4-Haptunaletua-dil-raukokon | 15 | 30 | 59 | 13 | 19} 64/0 0 0,6] 0 0 0,6 
% -HapTusialetus-dl-cepuH 1.6, dr 38 pl 06044 Bi dye Doibe Bodhi |) os Ou OG Osta 0,5 
O@-HadTHI-yKcycHan KucJOTa ST A) iy he 2,9 | 2,0) 0 iLO 1,0 
Boga 19 | 44 | 52 | 90 | 104] 305/2,0] 14,4 |8,0/3,5| 29,9 54 
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Kak culeyeT 43 MpHBeweHHEIX TaGIMU, WelicrBue W3yUaBIUHXCA MpenapaTos 
XapakTepH3yeTCH BO MHOPHX Cjlyyaax TEM, YTO OHM BbISbIBaIOT (M0 CpaBHeHHIO 
€ KOHTpO/leM — BOMa) 3HAYMTebHOe NOfaBseHHe pocra, KOTOPoe cMeHsAeTCA 
yckopeHveM 3Toro mpoiecca. Taxol xapaxtep JelicrBua mpenapaToB ormeuam- 
CA Ha KOpelkaX MMICHHI[bI MpH OOpaborKe CeMAH BCeMM MpenapaTamu psza 
2,4,5-T w Ha CreOeBoli YacTu Toro xe pacTeHua mpH OOpaborKe CemaH OOMbUIHH- 
CTBOM lIpenapatos paya AHY. Cyasa no u3MeHeHulo MHTeHCHBHOCTH pocta, CHH- 
2KCHHE TOKCHYHOCTH H YCKOpeHHe pocra JA Mpenapatos pxfa 2,4,5-T qocrurasocn 
mo ucTeveHHH 4 CyTOK, TOra Kak B Cy¥ae TPMMeHeHHA MpenapaToB psa 
AHY 90 nactynaio He paHbule, 4em nO HpomectBuu 6 CyTOK. 

B onbirax € MpopocTKaMH MUICHHIbI ACHO BbIABMIaCh HHTepecuad cmemudu- 
Ka (PM3MOJOrMYeCKOrO JeHCTBUA COMOCTABMABINMXCA PANOB XUMMUeCKUX Coeln- 
HeHHH: mpenapaTht paga AHY cpaBuuresbHo cna6o BNaAnM Ha CTe6MeBYIO 
4aCTb IIPOPOCTKOB H, BbI3BaB BPCMCHHY1O 3aflepXKKY pocra KOpHell, 3aTeM CHUJIb- 
HO CTHMYJIMpOBaJIH POCT MOcIeqHHX. 

Tlozpeprimmcbh jelicrBuio mpemapaToB pafa 2,4,5-T, pacrenua mmeHHUbI 
TIpeTepNeBaloT CylleCTBeHHOe OCaOJIeHHe POCTa, HO BCKOpPe MX POCcT BocTaHaB- 
JIMBaeTCA, HM OHH OOHAPYXKHBAIOT CTHMYJIAWHIO pocta KopHeli. Cospcem mo-zpy- 
TOMY OTBe¥aIOT Ha JeHCTBHe TeX Ke O03 mpenapaToB paya 2,4,5-T pacrenna 
peftuca. Byayyu oOpaOoraHbl 3THMM Mpenapatamu, pacreHua pesuca noKa3bl- 
BaloT CHJIbHOe HM CTOHKOe YrHeTeHHe POCTOBbIX MpOeccoB, OCOOeHHO poctTa KOp- 
Hei. XoTA cTreOM pequca U OOHAPy2KUBAIOT MOCTeMeHHOe OCMAaGeHHe 3alep2xKKU 
pocTa, M0 HHT€HCHMBHCTH pocta cTeOsleH OOpaOoTaHHble mpenapaTaMu pacTeHHua 
TaK WM He JOCTHTaloT pacTeHHH KOHTpOJIA. CieqoBaTesIbHO, B PpaCTeHHAX MIUIeHH- 
bl JeETOKCHKAalMA XMMHYeCKHX TpenapaToB ufeT Ooslee HHTCHCHBHO, 4eM B Ppa- 
cTeHHAX pegqnca. Takum oOpa3som, pa3IMYHaA YCTOMYMBOCTb MUICHHIbI WH peluca 
K JleHCTBHIO YKa3aHHbIX MIpemapaTOB, HECOMHEHHO, CBA3aHa C TeM, UTO B TKAHAX 
3THX PaCTeHHH JeTOKCHKAMA MpenapaToB ueT C pa3JIMYHOM MHTCHCHBHOCTHIO. 

IIpopefeHHble MCCeOBaHHA MO3BOJIAIOT CheaTb pA], BbIBOJOB. 

Byy4v BBeJeHbI B COOTBETCTBYIONIMX (He repOMIMAHBIX) 203aX B MpopocTKU 
MIUeCHHILbI HU pesquca, BCe MCMbITaHHbIe COeAMHeEHHA (2,4,5-T A AMHHOKHCJIOTHI) 
MOBepraioTcA WeETOKCHKalHH UW B CBASH C STHM YTPaUMBawT CBOIO (PPH3HOOrH- 
yeckyio akTHBHOCTb. Ilo ycrounBocTH K yKa3aHHbIM COCAHHCHHAM HW CKOpPOCTH 
HX J€TOKCHKAaMH MpOpOcTKH MUICHHIb] 3HAYMTEIbHO MpeBOCXOAAT MpopocrKu 
peanca. 

Bee ucnbiraHuble 4-HadprulalleTHJIaMHHOKUCJIOTHI MeHee TOKCHYHE!, 4eMm AHY. 
CneqopaTeibHo, ecu AHY cnoco6ua coesquHATbCA B paCTeHHH C AMHHOKHCJIO- 
TaMH, TO 3TO MIpeBpallleHHe MOXKHO PaCCMaTPHBaTb KaK OHH M3 CMOCOOOB MOHH- 
*KeuuaA TOKCHUHOcTH AHY. 

ConocraBaaBuiueca 2,4,5-TpuxJOppeHOKCHalleTHJIAMHHOKHCJIOTHI HECKOJIbKO 
TIpeBOCXOAAT MO CBOeH TOKCHYHOCTH 2,4,5-T HIM MaJIO OTJMUAaIOTCA OT NoCcIe]- 
Hero BeujecTBa. Ecau 2,4,5-T mMomkeT COe@IHHATbCA B PaCTeHHH C AMMHOKHCJIO- 
TAMU, TO BOSHHKHOBeEHHE IPH 9TOM GOovlee TOKCHYHBIX, ¥eM 2,4,0-T, COeMMHeHUH 
JIMIIb BPCMCHHOE ABJICHHE, TAK KaK, NOJBepravCh aJIbHeHIUMM MIpeBpallleHuAM, 
2,4,5-TpuxIOpPeHOKCHAMeTHAMHHOKHCOTHI YTPayHBalOT CBOIO TOKCHUHOCTH. 

Takum o6pa30M, HaOsrofjaemoe yCHJIeHHe POCTOBBIX MPOIMeCCOB OKa3biBaeTCA 


CJIeCTBHEM BPeMeHHOTO MOaBJICHHA pocTa. 
Ilocrynuuo 
29 V 1958 


WMUTUPOBAHHAS JIMTEPATYPA 


140. B. Paxurtun, COopx. Hayunas ceccua mo BompocaM OuOOrMM UM CeuIbCKOTO XO- 
3aticrpa, M3g. AH CCCP, 1953, crp. 268. 7 10.B.PakutTun, Yen. cosp. 6von., 36, B. 3 
(6), 289 (1953). % Pemenusa copellaHua Mo TeopHd H MpakTHKe MpHMeCHeHUA CTHMYIATOPOB 
wu repOunnyjos, M., 1954. * Becru. AH CCCP, Ne 9, 117 (1956). ° IO. B. PakuTHH, 
Ucnoub30naive CTHMyAATOpoB u TrepOuunjoB B pactrenuerogctBe, M., 1957. KG G: brokeas 
pes, H.H.Meabuukos, KOX, 25, No 135 2493-4955). * K.C. bokapes, ist teh 
MenbmuKkos, KOX (8 névarn.)-£CF. Kiewson, I. F. Darn ees VE 
Mitchell, W. N.Preston, Jr, Agr. Food Chem., 4, N 8, 690 (1956). °° ,fO. B. Pa- 
xutTuH, H. H. Meapuuxos, UH. Jl. Wunanosckaa, K.C. Boxapes ®x3non. 


pact. (B meuaTnH). 
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Jlokaann AnxaygemMun nayr CCCP 
1958. Tom 122, Ne 1 


300/IOTH 1 


H. 6b. BAPMAH 


O PACNMPOCTPAHEHHH WH HEPECTOBbIX MHFPALMAX POPBYWM 
(ONCORHYNCHUS GORBUSCHA WALB.) B CEBEPO-3ANAJHOU YACTH 
THXOrO OKEAHA 


(II pedcmaeaeno axademukom E. H. Iaeaceckum 25 1V 1958) 


Astop c 1955 r. usyyaer pacnpocrpaHeHne H Murpalluu JIococeH B CeBepo- 
3anauol uactu Tuxoro oxeana. Hactosilad craTbA ABJIAeTCA COOOWLEHHEM O He- 
KOTOPbIX pe3YJIbTaTax MCCeqOBaHHA TopOyuiM; Apyrve JOcocH paccMaTpHBa- 
IOTCH JIMIIb B NOPAAKe CpaBHeHHA. 

IIpeacrapuienubiit 30eCcb MaTepvam CoOpaH riaBHbIM OO6pa3om B uloHe 1955 u 
1957 rr. Ha puc. | B nenAx OonbUIeH HarIAQHOCTH M 9KOHOMHM MeCTa WaHHble 
OOOHX JIeT COBMELIeHbI, TEM Govlee, ITO MapuIpyTbI pelicoB 1955 u 1957 rr. yo- 
NosHAIOT Apyr Apyra. Tlomumo pacnpeseenua ropOyuim (mo ee nonaqaHHam 
B KaOepHble CeTH), MOKA3aHO TakxKe B psAJe CilyuaeB HalpaBJeHHe JBUXKeHHA 
pbi6, KOTOpoe HeETPYAHO ObIIO YCTAHOBHTb, 3HaH, C KaKOM CTOPOHbI CeTeH, OHM 
OObAYCHBAINCb H KAKOBO MOJIOXKeHHE CAMHX CeTeH OTHOCHTEJIbHO CTpaH CBeTAa. 

OcHOBbIBadCh Ha 3THX JaHHbIX, a TaKKe Ha Pe3yJIbTATaX Apyrux Haduwiojle- 
Hui, KOTOpble 3a HeJOCTAaTKOM MeCTA 3]€Cb HE MPHBOAATCA, MbI MpPHUWIM k CIe~ 
JYIOULHM BbIBOaM. 

B nepuHog, npequrecTByIoulMuH MaCCOBOMY NMOABJICHHIO B MpHOpexKHbIX BOax 
KypusbcKko rpsafbl w BocrouHoH KamuatKu, ropOylia pacnpocrpaHeHa C 3a- 
mafla Ha BOCTOK MO BCemMy OOCIeqOBaHHOMYy paHOHy HM B OOe CTOPOHbI OT Hero: 
WM ABMXKeTCH K Oepery OUeHb PasPeXxKeHHO, LIMPOKHM (POHTOM, MPOTAXKeHHOCTH: 
KOTOPOrO MPHOJH3HTeJIbHO COOTBETCTBYeT OOUIeEH MPOTAXKCHHOCTH Ha3BaHHbIX 
paiionos cy (puc. 1). B cuny sToro Hemb3a CormacuTbca C MHeHHeM (*), 6yqTO 
CYULECTBYIOT [Ba COBeEPlWIeHHO OOOCOGOJIeHHbIX paHOHa 3HMOBKH 93TOrO smococa: 
OHH —k tory OT 3anaqHoH uactu AneyTcKoH rpaqbl u [pyro — xk 10Fro-Bo- 
cToKy oT 0. XoKxKaliJo. B AeHCTBHTeIbHOCTH CyLeCTByeT CAMHAaA, MpocTupato- 
ulaicA BAOIb Apetba Kypocuo u Cepepo-TuxooKkeancKoro TeYyeHHsA, O6AaCTb: 
3HMOBKH KaMYaTCKOM TopOyliv, BKJOUaIOUaA B CeOA Ha OKPpaHHax O6a Ha3BaH- 
HbIX paloua. 

@pout Kypocuo, usu nouioca cmMemieHua CyOTponMueckux HU yMepeHHOXOJIOL- 
HbIX BON Ha rpannye Kypocuo, orpaHnunBaeT aTy OOsacTb Cc wra — axe B 
Hayasle HIOHA elle MOXKHO BCTpeTHTb ropOyury BOH3H 40° c. m.; MOBepxHocTHaA 
W30TepMa 5° ABJIACTCA, OYCBHHO, CeBEPHOM rpaHuuei sto OGacTu, WMpoTHOe 
MOJIOAKEHHE KOTOPOH MOXKET, KOHCUHO, MCHATbCA 0 TOkaM B 3aBHCHMOCTH OT 
dbaykTyauHH Kypocuo wu pexumMa Jpyrvx BOHBIX Macc. 

B socrouHoli uacTu sTOM O6acTH 3uMyeT Top6yula BocTouHOl KamuatTKn Hu 
Omoropckoro paiiona. C Bojlamu okeaHa OHA MHIpupyer OTCIONa PiaBHEIM OOpa- 
30M 110 HampaBseHuio K M. Hlunynckomy, BOHM3H KOTOporo moBOpauHBaerT Ha 
ceBep HM YXOJMT BAOJb Oepera B Bepuyroso mope. Murpauua rop6yum mumo 
Aneytckol rpsist k KomanyqopcKuM ocrpopaM u Jlaiee 0 HanpaBmenuiw K 
M. KpoHolukomy, BOMpeKH CyUleCTBYION[MM MpexnosoxKenns (1, 2), HesHadHTeNb- 
Ha (pvc. 1 nw 2). Mbt ne HaOmioqaM Ha STOM HaMpaBeHHH MaCCOBbIX NOAXOL0B 
ropOyuIM BIMVIOTh AO KOHWa HIOHA, H MOXKHO YTBepxLaTb, YTO HX He GOpINO u 
B Hiole. Mexyy Tem, B pady Apyrux HepecroBbix cra BOCTOUHO-KaMUATCKOIi 
ropOymm crayo 1955 r. moxer 6bITh OLeHEHO KaK MOLIHOE. 

SanaHylo YaCTb YHOMAHYTOM OOacTH 3aHUMaeT COOTBeETCTBEHHO ropoyuia, 
PasMHOxKalollaAcA B peKax 3anaqHoi Kamuatku. BoabpumyucrBo ee 3umyer B 
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MeCTax, JI@KAINMX K IOPY M WOrO-BOCTOKY OT IlCHTPaJIbHbIX M CEBEPHEIX OCTPOBOB 
KypHJIbCKOH TpsaAbl, H OTCIONa OHA B HIOHe — Mone MHIpHpyeT MpxAMBIM TyTeM 
K KypvabCKHM mpomHBam (puc. | u 2), ai 
Kakaa-TO ‘“acTb 3amaqHo-KamuaTCKOH rop6yumM, Kak yCTaHOBJIeHO Meye- 
HHeM (°), MPHXOAUT B PeKH M3 BON, Nexkawux noOmusoctu or XoxkKalino. Uactp 
5Ta, NO BC€H BEPpOATHOCTH, JOBOJIbHO 3HAYHTeIbHAa, NOCKOUbKY MaxKe B 1956 r., 


n- 


orf 


Pala beiarteynnetery 


Rt Wunyrenutr ® 


150 160° 170° 180° 


Puce. 1. Pacnpegesienne u Hanparenne Murpalnn rop6ymH B ut0He(Ha OOceqoBaHHOH 

aKBaTOpHu THxoro OKeaHa. / — nococeli B yioBe HeT, 2 — rop6yuIM B ysoBe HeT, 3 — 

ropOyumia ectb, 4 — 1—2 rop6ymm Ha cetky £0 mM AnuHE, 5 — 4—5 rop6yul wa Takyo 

Ke CeTky, 6 — HallparJennve IBUKeEHUA pHIO, 7 — rpaHHlla MapuipyToB 1955 u 1957 rr., 

8 — MOBePXHOCTHBIe TeMNepaTyfbl BOJbI B Mae — uioHe 1957 r., 9 — noBepxHOCcTHbIe 

TemMnepaTypbl BOLI B 1-H nonoBHHe HIOHA 1955 r. LUudppr Bose Kpy2xKKOB — JaTbL 
HIOHA 


NpH oOOuleH HeEOOJIbUIONH UHCJICHHOCTH 3anmaHO-KaMYaTCKOH TOPOyUIH, MaccoBbIli 
xoy, ee c tora BAOMb KypuuibcKkon rpxbl Winca, no KpalneH Mepe, JO KoHLa 
aBrycta. 

Uto xe KacaeTca mpegcraBuienua (1, *), 6yqTO Ha nyTu K CeBepHbIM Kypusp- 
CKHM TIpOJIMBaM OOJIbIIHHCTBO 3anafHO-KaMuaTCKON TropOylWwH HeMpeMeHHO MUH- 
HyeT 3amaquyio yacTb AneyTcKol rpsagbi, KomanyopcKue ocTposa Hu BocTOuHOe 
noOepexbe Kamuatku Kk tory oT M. Kponoukoro, TO OHO He CooTBeTCTBYyeT Jel- 
cTBUTembHOCcTH. Murpawua rop6ymiuw BOb BOcTOUHOrO Oepera Kamuatxu™ Ha 
}Or 3aMeTHA JIMLIb Ha HeOObUIOM yuacTKe foxuKHee ABaUMHCKOFO 3a7MBa, rye 
OHa H Obla ycTaHoBJiena ele B 30-x royax ANOHCKHMH uccseloBaTensamn (3, 4). 

Bocrouno-KamuaTckoe cTaylo ropOyliv, KaK H3BeCTHO, B He€CKOJIbKO pa3 
MeHbWe 3anaqHO-KaMuaTCKOrO —B HHbIe FOfsbl VyTb WH He B 10 pas; oTcioga 
pa3sHoe 3HaueHHe B IWeIOM AIA BCeH KaM¥aTCKON ropOyiuH BOCTOUHON Mu 3anaz- 
HOM uacTH ee THXOOKeaHCKOrO apeasa. B Bogax sanaquow yvactu AmeyrtcKoi 
rpAbl TopOywa NOABIAeTCA, KaK TOMbKO MOBEPXHCCTHaA TemMMepaTypa BOJbI 
jocturaet 4—5°, HO KOHILEHTPalluN ee B 9TOM PahiOne OT Ha¥aa NO KOHILa XOMa 
ouenb Mavibt. Bo sropoii Aekaye HWIOHA MONA ee B yOBaX, MO HallMM HaOsmMIO;e- 
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HHAM, He mpeppiumaia 7%, nin 2—3 pbiO Ha nopsyoK cereit 500-merpoBou 
ywimubl. 3anayuee 168° B. A. KOHLeHTPallMH ropOyuIN B 9TO Ke BPeMA WH MPHMep- 
HO Mp Tex 2%e TeMMepaTypax BOLI Kya Oomee SHAYHTCbHbI (puc. 1). Syecb 
OHa MpeBOCXOAHT YHCJIOM KeTY HM KpacHylo, B OCOGeHHOCTH MocueqHIOW. B Haulnx 


yaopax Mexyly 155 u 165° B. 0., Ha paccrosHuu 250—300 Muub OT KypuuipcKoit — 


Puc. 2. Ilyru nepecropoli MurpaluH KaMuUaTCKOM TropOyulM B CceBe- 
po-3anagqHol uacra Tuxoro okeaHa. / — HallpaBJleHHaA Murpallyy, 
2 — MIpuMepHoe Momow*KeHve UCXOAHOrO paliona (palioHa 3HMOBKH), 
$e 3 — MOBePXHOCTHEI> H30TePpMbI B PeBpase (MO MopcKoMy aTvlacy) 


rpALb, Noma rop6yumu KoMeOanacb MexkAy 60496%, cocrapiaa or 20 go 40 
ppi6 Ha 500-mérposplli mopaAoK ceTelt. CoBom, pation Tuxoro oKeaHa, TATOTEeIO- 
mui Kk KypuibcKkow rpawe Mu XoKKaiO, HMeeT WIA KaMYaTCKOH ropOyuiu He- 
CpaBHeHHO OovIbuiee 3HAYeCHHE KAK MCCTO BLIKOPMa H 3HMOBKH, HeKeJIM paloH, 
Jexkauyui K tory or AweyTCKHX OCTPOBOB. 

V3 3THX JaHHbIX MOXKHO CeaTb UM elle OHH BbIBOJ: apeal KeTbI, TOpOyiuiH 
M KpacHOoH B CeBepo-3anaqHoH uactu Tuxoro oKeaHa, Kak HM Jjasiee K BOCTOKY, 
OAMH HM TOT Ke, HO pacnpesesenuve B Mpefleiax 9TOrO apeasla pa3sIM4HO: AIA 
ropOyuim BOCTOUHaA YaCTb efO, HeCOMHEHHO, HMe€eT OTHOCHTeJIbHO MeHbILIee 
3HadeHHe, 4eM JIA ABYX OCTaJIbHbIX JococeH. IlocmeqHee cormacyeTca co 3Hade- 
HHeM pekK BOCTOUHOH KamuatKH JIA BOCIPOM3BOACTBA HHTepeCcyloulNX Hac pbIO: 
B CPaBHeCHHH C pekKaMu 3anaqHoH Kamuarku STH peKH UMeIOT Topa3zNo Govbuee 
3HaueHHe JIA KeTbI H KpaCHOH, HExKeIM AIA ropOyuu. 

B 3aksio0ueHHe HeEOOXOXMMO OTMETHTb, YTO OO/ACTb, 3aHMMaeMaad rop6ymen 
B 3HMHee€ BpeMA, B MePHAMOHaIbHOM HallpaBJIeHHH, N0-BHAHMOMY, HellIMpoKa, 
u0o Cc tora ee OsmMpaer noroK Kypocuo u Cepepo-TuxooKkeancKoro TeyeHHA 
C efO CJIMUIKOM BbICOKHMM JIA JOCOceH TeMmepaTypaMH BOJbI, a K CeBepy OT 
3TOrO MOTOKa TemMlepaTypa MafaeT Tak OBICTPO, 4TO H3 BOM, Harperbix Ha M0- 
BepxHocTH Jo 11—12°, mMoxHOo Ha paccTosHMu KaKMX-HuOyAb 150—200 munp 
MepeHTH B BOABI, Harperble TObKO Mo S—6°. Mecramu Ke, Kak BUHO 3 pue. |, 
MOXKHO COBEPLINT 9TOT Mepexo ropasso Opicrpee. EcrecrBeHHO mosTomy mpel- 
MOMOXKUTb, UTO MPH OOMbMION UMCeHHOCTH 3uMyIOWelt TopOyluM KOHWeHTpPaun 
ee MOryT JOCTHraTb B OTACIbHbIX PaHOHaX 3HaYHTeIbHOM MMOTHOCTH. 


Iocrynuso 
3 X 1957 
UMTHPOBAHHAS JIUTEPATYPA 


1 A.C. Boryzau os, PuOn. xo3., 8 (1946).2 A.T. Karan ti 
31 (1949) ® P.C ato, Broan. Anoucx. nayun. Ta Ny OL Loae ee 


ppi6ompom. odut., 6, Ne 6 (1938) (nepe 
anoxckoro). * P.C amo, Tam xe, 8, N 4 (1939). P (1938) (mepesog ¢ 


> International Nort ifie Fi 
Commission, Bull. Ni 1 (1985). ® Mopexoit arnac, 2, 1953, On Patllic Fisch, 
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Horuann Akagemun nayr CCCP 
1958. Tom 122, N 4 


MOP@OJIOlH ff 


®, C, 3AMBPHBOPLI 


OB OCOBEHHOCTAX CTPOEHHA KPOBEHOCHOM CHCTEMbI YMBPbI 
(UMBRA KRAMERI WALBAUM) B CBS3H C HCNOJIb3OBAHHEM 
JIJIABATEJIBHOrO NY3bIPA KAK JOMOJIHMTEJIbBHOrO OPPAHA 

AbIXAHHSA 


(ITpedcmaeaeno axadexuxom E. H. Ilaeaceckum 25 IV 1958) 


Hszectuo (',”), uro ymOpa, um eBgouma (Umbra krameri Walbaum), 
3HMOM MOKET X%KHTb O€3 BOJbI CBbILMe WBYX CyTOK. OO ucnomb30BaHHu yMOpoit 
WWlaBaTeJIbHOrO MYy3bIpPA Kak JONOJIHUMTeIbHOrO Oprana AbIXaHHA MMEIOTCA CBese- 
HHA WH B yyeOHOH wHTepatype (*, °). Y amepukauckou ymOppr (Umbra limi 
(Kirtland)) xxaOepHoe AbixaHve He NMOKpbIBaeT NOTpeOHOCTH OpraHH3sMa B KUC- 
Opose, WH eCJIM eH HE JaTb BOSMOXKHOCTH 3arlaTbIBATh BO3LYX, T. €. CCIM HCKJIIO- 
4HTb JONOJHHTCIbHCe AbIXaHHve Yepes WiaBaTeIbHbIH My3bIpb, TO OHA MOrHOaeT 
yepes 27 yac.; eBponelicKHH BU NpH AOCTATOUHOM KOJMYeCTBE KHCIOpOfa B Boe 
JOBOJIbCTBYeTCA OJHHM 2KaOepHbIM fblxaHHem (°). 

EctecTBeHHO BOSHHKaeT BOMpPOC, B KaKOH Mepe H pH KaKHX yCJOBHAX eBPO- 
neuckad yMOpa npHOeraer kK JONOJHUTebHOMY JbIXaHHIO H Kak OCYILECTBJIAeTCA 
ra30o0OMeH B IiaBaTeJIbHOM ny3bipe. B JocTynHOH HaM JIMTepaType 3TOT BOMpOc 
He ocBemlaica. Mexyy TeM OH TpefcTaByineT W3BeECTHbIN MHTepec. 

Expponelickad ymOpa —9HeMuK HMxKHEerO JIHecTtpa u J, yHad. Ona xKuBeT 
B 3apOClUIHXx, 3a00JIOUCHHBIX, UACTO H3O0JIMPYIOUIMXCA OT PEKH 3aMOPHbIX MOMMEH- 
HbIX O3epax. MxtTuoctbayHa TakHX O3ep OeHa; JIMLIb BbIOH H YMOpa B HX OOBI- 
HbI. O6a 3TH BHJa alanTHpOBaJIMCb K TaKHM YCJIOBHAM: Y BbIOHA BOSHHKJIO JO- 
NOJIHHTeIbHOe JbixaHHe NOCpeACTBOM KHUICYHHKa, Yy YMOpbl — nocpecTBOM 
nwlaBaTesbHOrO ny3bipA. B cayyanx BbICbIXaHHA O8eP H BbIOH, H yMOpa MOryT 
HEKOTOPOe BpPeMA TepexKUBaTb BHE BOJIbl, Cpe BMaKHOM pPaCTHTeJbHOCTH, 
HCHOJIb3yYA WIA [bIXaHHA aTMOCHPepHbI BOsAyX. 

B 6eHOH KHCOpOZOM Bose 06a Bua HENPEePbIBHO MOMHMMAIOTCA K NOBEPX- 
HOCTH, 3aPlaTbIBaloT BO3yX, 3aT€M, OMYCKaACb BHH3, BbINYyCKalwT ero: yMOpa 
yepe3 pOT, a BbIOH — 4epe3 aHaJIbHOe OTBEpCTHe. 

Ha6dsofenua Hak yMOpo, mpoBeyeHHble B JaOopaTOpHu Kadespbl 300s0rHH 
NOSBOHOUHBIX OeccKoro TrocyapcTBeHHOrO YHHBepCcHTeTa, MOKasaJH: 

1. B nacpumeHHol KUCOpOROM Bose yMOpa He 3arlaTbIBaeT BO3LYX, a [bI- 
IMT TOJbKO KaOpamn. 

2. Tipu cuwxeHuu KOsMUeCTBA KUCOpOsa pblObl BCe Yale NOAHMMAIOTCA 
K MOBEPXHCCTH, 3alJlaTbIBAIOT BO3SAYX, 3aTEM ONYCKalOTCA BHHS H, CIYCTA HeEKO- 
TOPO BPeMA, BbINYCKAaIOT ero uepes por. KomuyuectBo %KabepHbIX AbIXAHHM YMeHb- 
waeTca (xKaGepHbIe KPbILIKH HeKOTOPOe BpeMA OCTAIOTCH 6e3 JBHKeHNA). 

3. B mpoxunsaueHHo Bose wKadepHoe AbIXaHne MOUTH MpeKpalllaeTca, KOJM- 
YeCTBO 3araTbIBaHHli BO3Ayxa pesko Bo3spactaer. B Tako Bose yMOpa KuHa 
cppue 10 Hen. 

4, B Bakyyme (He a6comtoTHOM) yMOpa Jlerko OcBOOOxKAaeT MaBaTeJIbHbIIt 
NY3bIPb OT H3JMUIKOB rasa H HeNPepHIBHO JeaeT TNOTATeMbHbIC ABHKCHHS, 
HOPMaJIbHO TviaBad y Camo moBpepxuocTH. IIpu Opicrpol cmene AaBeHHA Ha 
cOpatuoe, pbiOa B NepBbI MOMCHT ONyCkaeTCA Ha AHO, 3aTCM PbIBKOM — ITO/MIH- 
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MaeTCA K MOBEPXHOCTH H HaNOJIHAeCT MaBaTeJIbHbIM My3bIpb BO3LYXOM (3aruia- 
TbIBAaHHeM). 

5. Uspnevennad “3 BOUL Hu HakpbiTad (B OanKe) CMOUeHHOK B Bose Mapseh 
yMOpa 2KWJla OKOJIO WByx cyTOK (40 yac). 

Takad 2KHBYYeCTh YMOpbI B HeOOBIYHBIX YCJIOBHAX OOBACHACTCH YAaCTHYHOK 
3aMeHOH 2aOepHOrO JbIXaHHaA Ny3bIpHbIM. I]naBaTebHbI My3bIpb ee CBA3AH 
C TOTKOM KOPOTKHM HM JOBOJIbHO WMpOKMM (3HA10- 
IMHM) My3bIpHbIM mpoToKom (ductus pneumaticus) 
(puc. 1).Crenku my3bIpA OOHIbHO CHaOXeHbI KPOBbIO. 

B oramune oT APyruX KOCTHCTHIX, B MlaBaTeJIbHbIA 
IY3bIpb YMOPbI apTepHaJibHad KPOBb NOCTyMaeT HeTIO- 
CpeCTBeHHO 3 CMHHHOH aOpTbl NO MATH-LWIeCTH 
mapaM My3bIpHbIx apTepuu (puc. 2). KanuiiapHaa 
CeTb B y3bIpe pacnovlaraeTca MO, BHYTPCHHHM IVIO- 
CKHM 9uTeIMeM. BeHo3Hax KPpOBb COOHpaeTca B 
Be KPYMHBIe BeCHbI, MPOXOAAMMe NapaebHO cre- 
Puc. 1. Bepxuaa crenxa PCH Hasal B HWKHe-OOKOBbIX CTeHKaXx My3bipsx. Hay 
3aqueli uacTH Pork, Kya Y3bIPHbIM MpOTOKOM Oe 3TH BEHbI CIMBaIOTCA B OO- 
OTKppIBaeTCA = YSBIPHBIT ~—LyIO MY3bIPHYIO BEHY, KOTOPaA BJIMBaeTCA B MpaBblit 

mporox (1) JMMOuTHbI opraH, a 3aTeM B  HHKHIOIO TMOJYy10 
BeHY, HaJIMYHe KOTOPOM Yy KOCTHCTHIX YCTaHaBJIMBaeTCA BIMepBBle. 

JIumoutupii opraH, OTAeIeHHEIN OT noyeK (OmMCTOHeEdpoca) paccToAHHeM, 
PpaBHbIM JVIMHe MWaBaTebHOrO MYy3bIPA, JI@KUT Ha MepedHe-OOKOBbIX CTeCHKAaX 
mocmeqHero. HuxkHAA nomad BeHa OepeT Ha¥asIO H3 XBOCTOBOH; B MO¥UKe OHA 
MPHHHMaeT MOUeUHBIe BeHbI H HeT Buepe cipaBa OT CHHHHOM aopTel. Jonna 


Puc, 2. CxeMa KpoBeHOcHol CHCTeMBI MaBaTerbHOrO My3bIpA yMO- 

ppt: / — npapad KapqunadbHasd Bena, 2 — HuKHAA Nomamd BeHa, 

3 — cnuuHad aopta, 4 — aeBpad KapqMHanbuas Bena, 5 — my3up- 

Has apTrepua, 6 — MeTaMepHEI2 BeHBI, 7 — xBocTroBad apTepus, 

8 — xpocTopaa BeHa, 9 — nouKa, /0 — nesag Nly3bipHadA Bena, 

11 — 6pwutnas Bena, /2 — 3aquas uacrb raorku, 13 — Ty 3bl PHB 
mpotox, /4 — oOulaa ny3EpHaa BeHa 


AO MpaBoro JIMMpouHOrO opraHa, Nomad BeHa BXOZUT B Hero, MpHHUMaeT B 
CeO OOULYI0 Ny3bIPHY!0 BeHY HM Ap., NOBOpaunBaerca BHH3 H y Camoro BeHO3HOrO 
CHHYCa CJIMBaeTCA C NepeqHeH KapAMHaIbHOl BeHOH, OOpasya OYeHb KOPOTKHit 
KIOBbeEpOB MPOTOK. SaqHHe KapAMHaIbHbIe BeHbI C NOUKAMH He CBaA3aHbI. Onn 
HatHHaloTCA M3 Me€TaMepHbIX COCYOB (CefMeHTAaJIbHbIe BeHbI) HECKOAbKO BHepelH 
nouex. [Ipapad s3aquad KapQuHabHad BeHa mpoxoquT cipaBa ‘OT , mosol 
a JICBad — CJleBa OT CNHHHOM aopThl. O6e 3auve KapAMHAJbHbIe BeHbI B “amcpa- 
THYHOM Oprane OOpasyioT MosoOue BoporHoii cucreMbI,{pacnananch Ha Gowee 
MeJIKue Cocytbl. 13 npaBoro aumiouqHoro oprana KPOBb TOCTynaeT MHOrHMII 
cocyHaMH B MO/lyi0 BeHY, a W3 MeBOrO —4epe3 OAH COMM MpoTOK B JleBy1O 
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MepeAHiolo KapAMHaJIbHY!0 BeEHY; KIOBbePOB MPOTOK 3feCb Oosee AMMHHBI, em 
paBplit. Koporkaa Oprouinas BeHa, MIPHHAB KPOBb H3 MepeqHHX KOHeUHOCTEHL, 
BilaaeT B BCHOSHbIM CHHyC. Ciofla 2Ke BMBaeTCH HM OHA KPynHad meweHouHaa 
BeHa. 


Kopnu aoptel o6pasyior TombKo 1-10 win 2-10 apy BbIHOCALHX 2%KadepHbIXx 


apTepuu, Tora kak 3-a u 4-9 nap, . 

i 

L 

CyeMyIOUMX Tpex map. 
PaccMOTpeHHBble BbILUe OCOGCHHOCTH B Bae # 

‘CTPOCHHH KPOBeHOCHOM CHCTeMbI yMOpbI 4 

He CBOHCTBCHHbI KOCTHCTBIM, a TOJIbKO 

2Ke BbICLIMM 2XKHBOTHLIM (ampuOusm). Hu 

€ MHOronepoM, HH TeM Oowlee C JBOAKO- 

JbIwWalWlM4MU yMOpa reHeTHUeCKH HE CBA- Puc. 3. Cxema pacnovIowKeHuA MPHHOCALLAX 

3aHa. IlapHbilt aCHMMeTPHUHbIi WaBa- 4 BEIHOCAULHX 2%xaOepHEIX apTepuit (/, J, 

JIBOAKOAbIMAULUX, MO MHeHHIO OOJIbIIHH- 

CTBa MCC/IeMOBaTeseH, He TOMOJIOPHYUHbI MY3bIPIO KOCTHCTHIX. Takum 00pa30M 

NOABJICHHe HWXKHeEH MOON BeHbI, CMellHaJIbHOrO KPOBOCHAOKeHHA MNaBaTeJIb- 

HOrO My3bIpPA WH T. MT. MOXKHO PaCCMaTPHBaTb Kak MpucnocoOueHue K JONOJIHH- 


CJIMBaACb [pyr c Apyrom, Bayar ue- 
MOCpeCTBeHHO B CIMHHYIO aopry. E 

Tomopa cHaOxKaeTca KpoBbio napoli 
COHHbIX APTePHH, KOTOPbIe OTXOAAT OT 
MePBOH Mapbl BbIHOCALLMX apTepuii u OO- Z 
pa3ytoT Blepequ rouOBHOH Kpyr (puc. 3). I a 
Tleppaa napa mpuyocauux *xadepHbix 7) 4 
apTepHH 3HaUHTebHO yJlaneHa oT no- 

— 

JBOAKOMbILIAULMM HM MHOronepamM, a Tak- | i 
T@JIbHbIM My3bIpb MHOronepa HM JerKHe Hil, 
TeJIbBHOMY NY3bIPHOMY JbIXaHHIO, BOSHUKLNee Y pasHbIX py pblIO KOHBepreHTHO. 


Ojecckuit rocyapcTBeHHEIM yHHBepcuTe1 Ilocrynusto 
um. HM. HW. Meunuxosa 4 18 III 1958 


UMTHPOBAHHASAPRIMNTEPATYPA 


1 JI. C. Be pr, Pr6st mpecusrx son CCCP u conpegenbuprx”ctpan, 1, 1948. 7 A. K, 
Maxkapobs, [Ipupoga, Ne 2 (1936). ° TI]. WH. Wasaos, 3001. xypx., 32, B. 2 (1953). 
#H. B. Iyukos, ®usvonorus pu6, 1954. *® E. K.C ysBopos, Ocuosnl uxTvosorun. 
1948. 


Jloxrnann AkayemMun Hayk cccP 
1958, Tom 122, Ni 4 


IBOJHOUHOHHAA MOP®@OJOVH 1 


B. H. )KEXEHOB 


OCHOBHbIE OCOBEHHOCTH ®OPMUPOBAHHSA HW PASBYTHA CEPA 
Y BbICWUHX MJIALWEHTAPHbBIX )KHBOTHbIX WH Y YEJIOBEKA 
B HCTOPHYECKOM OCBEWIEHHH 


(ITpedcmaeaexo axademuxom K. H. Cxpabunoim 14 II 1958) 


OcHOBHbIM B pa3BUTHH Cepia ABAeTcA (POPMHPOBaHHe eFO MapHbIX KaMep: 
*KeYLOUKOB HW MpeskcepAui c yuiKaMu, BKsI0"ad CHHYCHbIM y4yacTOK B MpaBOM 
pelcepluu u mpelipepve — B JIeBOM, a TakK?Ke efO MOCTOAHHbIe H BPCMEHHbIe 
OTBepCcTHA (OBaJIbHOe OTBeEPCTHe H apTepHaJIbHbIM MpoTOK) . CorsacHO HalllMM 
janupm (3-4), on mperepreBaloT B XOJe OHTOreHe3a PA 3AKOHOMEPHbIX Mpeod- 
pasoBaHu, B MpHHIwne eMHHbIX JIA BCeX MJICKONMTAIOMIMX; OMHAKO WIA 4e- 
JlOBeKa XapakTepeH pA peskux oTanunl. M3yuenue cpaBHHTeIbHOH aHaTOMHH 
cepa (7:8), m03BOHIO HaM NOMOMTH K BbIACHCHHIO OCHOBHBIX IyTeH HW 3aKOHO- 
MepHocTeH ucTOopHueckuxX mpeoOpa30BaHHH cepAila y MueKomMTatouHXx (7). 

B nocwleqHee BpeMA H3yYeHHe SMOPHOHAIbHOrO PasBUTHA Cepflla y YeNOBeKa 
MONOHHIOCb PAXOM HOBBIX JaHHbIx (!,5—!1,16) 

CormacHoO HalllMM MCCIeqOBaHHAM, B (OPpMUpOBaHHU HW pa3sBuTHU (2IMOpHoO- 
HaJIbHOM H MOCTSMOPHOHAJIbHOM) Cepflla y YeIOBeKa, NO CPpaBHeHHIO C BbICLUAMHU 
TvlalleHTapHbIMH X%KHBOTHbIMH, HMeeTCA pA OCOOeHHOCTEeH. 

l.CpaBHUuTeTbHO paHHee BTATHBAHHeE KH OObBELH 
HEHHeE BEHOSHOTO CHHYCACTNpPaBHM NpeAcepAuem*™. 
Oxo 3aBepmlaeTCaA B OCHOBHOM yxe K 9,8 (11,7 ) MM, Torga kak mpu 9,0 (10,4) mm 
CHHYCHbIM y4acTOK elle pe3KO OTJeeH OT Mpeltcepqua. On BcKope cTaHOBHTCA 
HeOOJIbIUHM HM BbITAHYTbIM BAOb NeperopokKu Mmpecepaul, a 3aTem nouTu 
CJIMBaeTCA C MpelcepqueM, HO BCe Ke OTTPaHHueH OT HEFO, OCOOeEHHO OT 3HauH- 
TeJIbHOPO CKaquaTooOpasHoro yuika. O6e movIble BeHbI JOKaM3yIOTCA (HMeeTCH 
elle pasBHTad JieBad KpaHHaJIbHad Moslad BeHa) K 9,0 MM, HO Oowlee HIM MeHee 
XapaKkTePHbIMH CTaHOBATCA K 25 (33) MM. Ene no3quee (y2ke BTOpu4yHO) dopMu- 
PpyeTcH JOBObHO KPYNHbIM WH MOHOJMTHbIH CHHYCHbIH yuacroK Mpasoro mper- 
cepiua (Y 2KMBOTHBIX OH Pa3/{BOeCHHbIM), MPHHHMalOULHH O6e noble BeHbI NOL 
BbIPa2KCHHbIM TYIIbIM YIIOM pyr K Apyry. IIpu 9rom ycrbe KayJasbHoli Noon 
BeCHbI H€CKOJIbKO OTCTABJICHO KBepXY OT YCTbA BeHeYHOrO CuHYCca (OOpasoBaHue 
YTOM{CHHOrO HM MaJIONOABMXKHOTO HWKHEerO Sinus — septum), a ycrTbe kKpa- 
HHaJIbHOH NOJIOM BeHbI COAeEPHKUT CaOble KOJIbUeBUAHbIe MHOKapJHbIe WY4YKH 
(peqylWMpoBaHHbIit TOMOuOr MMelOUerocA Y 2KMBOTHBIX CrellMabHOrO MHOKapJ- 
Horo OOpa3s0BaHuAl — BeHO3HOFO MellIKa). 

2, DOpMHPOBaHHe CAOKHHUIM NYTeEM 3a CUeT 3aqHe 
HHKHUX?/,; CHA BHOTO NpaBoro CHHYCHOrTO KuaanaHa 
OocOOBX BTOPHUYHHX KAanauos. B pesynbrate oOpasyiorca: 
KPYNHbIM eBCTaXHeB KJlallaH, CeplOBULHOM PopMbI MpH ycrTbe KayJabHO mo- 
JOM BHI, OOpaMiAlouleH ero CHAPyXKH HM CHU3Y, BIVIOTb JO MMOyca OBa/IbHOrO 


* TlonaTua PpaHHee HW MO3qHee YCJIOBHbI — NOApasyMeBaeTCA OTHOWEHHe K o6ulemy PpeMeHH 
9MOpHOHabHOrO pa3sBUuTHaA. 3eCb WH Jasee HMeeTCA B BUHAY AIHHA 3apObiua 3aTblIOUHO-KON- 
4HKOBawH, a B CKOOKaX — Te@MeHHO-KOMYHKOBAA. 
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OTBepcTHA, — 9MOpHOHa/bHOrO 3HaveHHA HM HeOObUIOH TeOe3HeB KJanaH, 
riyOokolt Moy yHHOH (popMbI Ip ycTbe BeHeyHOrO cuHyca, c ero Hap y2KHOli 
CTOPOHbI,— NO%KH3HEHHOFO 3HaueHHA. Y XKMBOTHDIX 9TH KalaHbl B THMMOHOM 
Bue OTCYTCTBYIOT (B aTHMHYHOM PopMe ONM3KH JIMIWb y BbICUIMX OGe3baH). 

3. OtcytTcTBHe POpMupoBaHHA Ha RemunuTus- 
HOH CTaAaAuHuH PpasBUTHA BHPaAKeCHHOTO MCXBEHHOTO 
(10BepoBa) O6yropx«a. On 3amensetca y uenOBeKa JHIIb IIpOCTbIM 
CaObIM MpOrHyTHeM YTOMMEHHOM BepxXHell creHKU Mpelcepaua*. B cuny storo, 
a TaK%Ke OTCYTCTBHA BeHOSHOFO MelliKa IPH YCTbe KpaHHaJIbHOH MoO BeHbI 
He (opMupyeTcsA, Kak Y XKMBOTHBIX, pe3KOrO NoApasleneHuA CHHYCHOIi OOmacTu 
Ha [Be 4acTH. 

4.DOpMuUpPpOBaHHe 43 HEOONbMOH BHaYae BeECTH- 
OynApHOH 4wacTH AeBOrO NpeAcepAua Rehuuuntus- 
fo 4 nonepeyHo-pasoOmenHuux,(2 meBHx uw 2 npa- 
BbIxX) YCTbeB METOUHBX BEeH. Onn OOpamMienbl, HanosoOue MaHxeT, 
ca0oH MHOKapAHO MycKylaTypoli. Sto HaGmtogaetca K 25 (33) mm. BropuuHo 
BecTHOYIAPHAaA YacTb ocTuraeT OOMbIOM BeEMMUMHbI UM BLITATHBaeTCA NoMepeK 
B IWMpHHy. Y 2KHBOTHbIX BTOPHYHO OOPa3YIOTCA TOMbKO 3 YCTbA, B CHIY OObEMU- 
HeHHA OOONX 3afHHX, a MHOKapHaA MycKyslaTypa (bopMupyer Ha ycTbAXx cie- 
WHaJIbHble BbIPOCTh! TpescepquA HanoloOue CHJIbHbIX MYyTOOOPa3HbIX 2KOMOB 
(1aKYHbI JIefOUHbIX BeH). 

5. BpeMeHHOe, Upe3BH4UaHHO CHALBHOE HM CBOeOGO- 
pasHoe pa3BuTHe yumeK NpeAcepAuk. Ono nponcxogznr 
ToT¥Uac BCE 3a HavaIbHbIM (POPpMUpOBaHHeM MpeycepaqnH. YuKu HayHHalor 
(opMupoBaTbeaA B Bue BLIPOCTOB NpescepyuH mpu 9,8 (11,7) mm u BcKope 
IIPHHMMaloT OObINHYIO (OPMY TIpH KpyNMHOH BemMUnHe. OHaKO BCE 3a ITHM 
YUIKH, CHJIbHO BbITATHBaACb, MPMHHMaIOT HeOObIUHBI BU — BH, CBOOOAHO 
CBHCalOWIMX, Y3KHX WM M3BHJIMCTbIX, OYeHb JWIMHHbIX, MpusaTKop (apendices 
auriculares), MoryujHxX J[OCTHraTb Jlaxke BePpXYUIKH Cepllla; OHH HauMHalOT 3a- 
MeTHO pa3BuBaTbcd c 12 (15) MM u OCTHralOT MaKCHMaJIbHOrTO pa3BHTHA 
kK 20 (26) mM. IIpu 9Tom weBbIii MpusaTOK VyKe, H3BUJIMCTee, HO JJIMHHee, B TO 
BPeMA Kak epBbIlt Wiupe, HO KOpoue. CoOcTBeHHO pescepAMA B ITO BPeMAL He- 
BeIHMKH. B asbHeliueM KHIUKOOOpasHble YUIKH YKOpauMBaloTcA, CcOoOupastcb 
TapMOWIKOH, HW MpeBpaLlaloTCA B H3BUVJIHCTHIe, JIalvaTble OOpasoBaHHA, JerKalilve 
B OOaCTH BeHeYHOH Gopo3spl, K 26 (34) MM, a kK 40 (52) MM HHBOJIIOWNA COOCTBEH- 
HO IIpHaTKOB Y2Ke B OCHOBHOM 3aKOHUeHa. Y XKMBOTHHIX YIUIKH He BbITATHBAIOTCH 
M He MOyualoT MOMOOHOTO cBOeOCOpasHOrO PasBHTHA. 

6. TlocreneHHacA 3aAKOHOMEPHAA PeAYKUHA NEBO- 
ro ymkKa (BTOpH¥YHOe ABMeHHE). Buayane cPopMupoBanule 
(ebuHUTHBHbIe) YUIKH, Mocue peyYKUMM UX CBHCAIOWIMX MpHaTKoB, mpuodpe- 
TaloT OObUINe PasMepbI, UTO XOPOLWIO 3aMeTHO K 4—5 cm **. Ho BcKope Ha wJe- 
BOM IOABIACTCA peskad ropsoBuHa (GOomee HCHO — K 7,0 cM u pesKo — Kk 10— 
11,0 cm), w OHO HauMHaeT peTepMeBaTbh MeWICHHYIO MOCeMOBaTeJIbHY!O pelykK- 
muro (moce 11,0 cm). K MoMeHTy poxKJeHHA YUIKM elle KpylHee OOBIMHOTO. 
Peykuua JleBporo yillKa MpofomxKaeTcA BIVIOTb JO BSpoOcOrO COCTOAHMA, Kora 
OHO IIPHHHMaeT BHA HeOOUbWOrO JanyaToro MpusaTKa C Y3KOH TopJIOBMHOH. 

7aJkL OBO DLHO, CHORKHLMC-AHIMECHCHHA NOCTOAH HES 
OoTBePCTHH cepAua Nocae HX CHOpMupoBaHyAA. Bxox 
HbIe OTBEPCTHA, T. €. YCTbA BMAaLaloulux B UpeAcepAUA BeH, MOJyYaloT MOCTeMeHHOE 
PpasBHTHe BOKPYP UX COAKHOM MHOKapLHOM MyCKyJaTypbl — pa3JIM4YHO Y PasHbIX 
BeH H OYeHb CBOeOOpasHO y YemOBeKa (CM. Bbille). OHH uPpaloT pOsb OCOOBIX 
JONOMHUTEbUbIX COKPaTHT@IbHbIX M€Xa@HH3MOB (KOHCTPMKTOpos) THMa «per 


npeyceplui». 


* Y %KMBOTHEIX M@XKBeHHbII OyropokK pesKO BHIParxKeH ele SMOPHOHAVIbHO, OH HallpaBiser 
TOK KPOBM M3 POPH3OHTAIbHO JexKaulelt y HUX KPaHHaJIbHOH MOO BeHbI BHUS — B lpecepAHO- 
*KeyAOUKOBoe OTBepcTHe. OTcyTcTBHe y %KHBOTHBIX eBCTaXHeBa KJlallaHa KOMIIeHCHpyeTcs 
y MHOrMX OCOObIM CKaTOM MepefHero Kpad OBaJIbHOTO OTBEpCTHA (auM6ycom). 
** 3yecb H Jlalee yKa3bIBaeTCH TCMCHHO-KONUYMKOBAA AIMHa MONOB. 
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| 
[IpomexyTouHbie OTBepCcTHA, T. e. TpecepWHO-*KeJYTOUKOBbIeC, a TaKKE | 


BbIXOJHbIe OTBEPCTHA, T. €. APTEPHaJIbHbIe, HEOMHOKPAaTHO MeHAIOT CBOIO Copy | 
H COOTHOCHTEJIbHbIe Pa3Mepbl B COOTBETCTBHH C H3MeCHCHHAMH MJlalleHTapHOro | 
KpOBoTOKa. CTBOPKH MpecepAHO-2KeyAOUKOBLIX OTBEPCTHH BTOPHYHO H3Me-— 
HaroTch. M3 Hux BbienAlOTCH: a) cmaObiIM pa3BHTHeM — IIpHCcTeHOuHad 
CTBOpKa J[BYXCTBOPHOrO KslalaHa, Moryulat HepeqKO MMeTb lecpopMn- 
PpOBaHHbIM BU (THM MemKOM, GaxpoMuaTO H3pe3aHHOH CTBOPKH) HM O) MOLLHBIM 
pa3BUTHeM — aOpTaIbHad CTBOpKa (OTrpaHHyuuBaeT COOOH BbIBOHOH KOHYC). 
B mpasom xeyqouke 3aHHl CenTabHbIH COCKOBHAHBIM MyCKyJI (HJIM COOTBeT- 
<TBYIOULad eMy rpylila MyCKysIOB) Y YeOBeKa CMeCTHIaCb (MOJIHOCTbIO HIM 4a- 
CTHUHO) Ha OoKoBy!1o creHky. Ha6OslogatoTtcaA yacTble BapHaHTbl YNCa HU POpMBI 
CTBOPOK 3a CUeT PaSBHTHA MMEIOMIMXCA B YrlaX OTBEPCTHH MeJIKUX JOOaBOUHBIX 
CTBOPOK H Pa3QpOOJCHHOCTH OCHOBHBIX CTBOPOK. 

8. ITpuo6petenne B Tpolecce pasBUuTUuA OBANb= 


HBIM OTBeEPCTHeEM H e€ro KMAaANAHOM CBOeCOOPa3zHO! | 


dopMu.. IIpocroH, crsopuatoro Tuna, WIMpoKu KJlalmaH yKopoueH, a CaMo 


OTBepCcTHe OKPYTVIO HW BeJIMKO. B CHIITY STOTO NOCJIe€ POAKMECHHA KJIaNaH YaCTO WJIN | 


He IIPHKPbIBaeT MOJIHOCTbIO OBAIbHOe OTBEPCTHE, OCTABIAA WleeoOpasHyto MpoH- 
MY, WIM IPpHKPbIBaeT ero, HO B OOPe3 H HE MOKET, CiIeEAOBATeJIbHO, CPacTHCb 


c¢ suMOycoMm. B pe3yubTaTe 3TOTO MOCTIMOPHOHAbHO HaOMOMAalWTCA PasJIMYHBIe © 


BHJbl He3apallleHuA OBaJIbHOrO OTBePCTHA. 

9. Pe3kKo oTAHUHAAH HPopMa apTepunandbuHoro (60- 
TalmoBpa) MpoTtoKa, OcCOOeCHHO K KOHUY IMOPNOH @ 
JbHOTO Nepwunoda. OH y yeloBeKa CPpaBHHTeIbHO Y30K (IPHMepHO Pa- 
BeH OJHOM 3 JBYX BeTBeH JerOuHOH apTepHH) HU OTBETBIACTCA WIM B CaMOM Yr- 
JY pa3qBOeHHA JIEFOUHOK apTepun, WIM JaxkKe OT CaMOro HavaJla JIeEBOH ee BETBH. 
Ero HegapalleHue MMeeT MeCTO JIMIIb B PeAKHX cy4aAxX. 

10. Kak caeAcTBue BHMeckKa3aHHOrTO—Oomee NpPo- 
rpeccuBHHH B L€AOM THN TAAAWeCHTAPHOTO KPOBO- 
o6pameuHua. Ilepexmouenne OombuleH YacTH TOKa KPpOBH B CaMOM CcepJ- 
ie — uepe3 OBaJIbHOe OTBEPCTHe HM HaOOOPOT, MeHbIllat YaCTb KPOBOTOKA OCYy- 
ULeCTBIAeTCA BHe Cepia — Yepe3 OoTaI0B NpoTOK. CrescTBueM ITOTO ABIAeTCA 
WHOe, YEM Y HKMBOTHBIX, KAYECTBO CMEIIAHHOM MylalleHTapHOH KPOBH, 4eM JOCTH- 
TaeTCA: a) YCHJICEHHOe Pa3sBUTHE elle JO PORK MeHHA BOCXOMALLeEH aOpTHI; 6) Gosee 
YCHJICHHOe KPOBOCHAOKeHHE APTEPHAJIbHO-HaCbHILLLeCHHOH KPOBbIO FOJIOBbI MW Tpyd- 
HbIX KOHeEYHOCTeH; B) Oombliee CHaO2KeHHE JIEPKHX MeHee apTePHaJIbHO-HAaCHILLLeH- 
HOH KPOBbIO (YCKOPeHHbIM PocT WerKUX U LOPYHKUMOHATbHOe, Meped pox TeHHem, 
pa3BuTHe Majloro Kpyra KpoBooOpauleHua) u Ap.* 

Il. Pan cpoeo6pasHbBx YwepT B PaSBUTHH BHeL- 
HeH MOPMBI H pasMePOB cep Ala. OruactTn 39TO CBA3AHO C pes- 
KHM H3MeHeHHeM eFO MOJIOKeHHA. 

12, OTHOCHUTeEABHO Gonee OHCTPHH TEM POPMHUPo- 
BaHHA BHeEMHE XapaKTePHOrO, MOHOMUHTHOrFTO (Le 
MHHHTHBHOTrO) cepatla (CRHHOH KeNYROUKOBON ero 
uacTu). Yxecpa3y no chopMupoBaHHN 2KeYAOUKOB YCTaHaBJINBaeTCA aCuM- 
MeTPHA MeK Ay HHMH B UX BeJIMUHHE H CPopMe: eBbI Ke yMOveK 3aMeTHO KPyI- 
Hee lpaporo u, KpOMe TOYO, JWIMHHEee H y2Ke ero. OH CBOHM CBOOOJHBIM KOHIOM, 
CPaBHHTe/IbHO C IIpaBbIM, 3HAYHTeJIbHO BbIABUTaeTCA BHH3 WH CPopMupyerT Bep- 
Xyluky cepa (K 10 mM). Y 2KHBOTHDIX JJIMTeIbHO COXPaHAeTCA Pa3BOCHHOCTb 
2KeYOUKOB. 

IIpumarbi (BbICLINe — y3KOHOCHIe O6€3bAHBI) B OTHOIWMECHHH SMOPHOHAIbHOrO 
Pa3BHTHA Ceplla OObIMHO 3aHHMMAIOT MepexXOHOe NOJOMKEHUE OT JPYrHX BbICLUHX 


* TipopezeHHble NpPH2KH3HEHHbIe ONPeMeeHHA CTeMeHH HaCHILICHHOCTH KHCMOpOAOM Nop- 
IMM KPOBH Pa3JIMUHbIX yUaCTKOB Cepslla H COCyMCTOH CHCTeMbI, B Ppe3yJibTaTe e€ MHOFOKpaTHOrO 
CMECIUMBaHHA (Tepe poxmeHnem) y aruat (1%), a TakxKe NosOOubIe xe HAGMIOAeHHA NyTeM NpH- 
MCHEHHA KORTPacTHOH Maccbl y M1020B yenopeka (15) nomHOCTbIO NOATBEPANAM HalM MpesbITy- 
UlHe NoMOKeHHA UM OOOCHOBAHHA STOO BONpoca, UCXOAAMMe H3 MOpdosorMyecKOl XapakTepn- 
CTHKH STHX yUaCTKOB Cepflla HM CMeXKHBIX COCyAOB. 
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MaleHTapHbIX AMBOTHBIA K YeOBeKy, MpuoOperas,’ BMecTe c TeM, B @uvore- 
‘ese, CBOH XapaKTepHble 4YepTHI. 
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PH3HOMOLHA 


A. A. MEEPCOH 
K BOMPOCY O PA3SBHTHH ®YHKUNH OTBJIEVEHHA UW OBOBLIEHH SA 
(ITpedcmaeaeno axademukom JI. A. Op6enu 25 IV 1958) § 


OXHUM 43 MpOABIeHHH OOOOuLaouleH (yHKWMH BTOPOM CHIHAaJIbHOM CHCTeMBI 
ABIACTCH UCMOIb3OBaHHe OOWHX NOHATHH JIA aHaJlM3a ABJICHHH BHeLIHeroO 
mupa. MV. II. [lasnos na3sBaa NOHATHA OOLIMMH KOMMJIeKCaMH BTOPOH CHIHaJIb- 
HOM CHCT€MbI H H€OLHOKPaTHO yKa3bIBaJl Ha HX HCKJIOUMTEIbHY!O POJIb B IIpO- 
iecce NO3HaHHA. OHakO pOJlb 9Ta H3yYeHAa (PU3HOMOraMH elle MaJIO. 

B HauieH paOoTe MbI IIbITaJIMCb B Pa3JIMUHbIX SKCICPHMECHTAJIDHbIX YCJIOBHAX 
HCCICNOBaTb (PYHKIMOHAIbHOe 3HAVeHHe OOUIHX NOHATHH y eTeli 3-, 5- u 7-seT- 
Hero Bospacta. Pa3imune B 9IKCMePHMeHTAJIbHbIX YCJIOBHAX 3aKJIOUaJIOCb B TOM, 
YTO HCMbITYeMBIM JIA CHCTeMATH3allH JaBaJIMCb HapsAyy C HemocpeACTBeHHbIMH: 
TaK2xKe CJIOBECHbIC Pa3spaxKUTeH, H B TOM, YTO HCCIeEAOBaHHe MpOBOMJIOCh 
Kak IlyTeM OOpa30BaHHA H30upaTeJIbHO-OOOOMeHHOrO pediekca u Wuddepenwu- 
PpOBKH, TaK HM IlyTeM eCTeCTBEHHOrO 3KCIePHMeHTA. 

YOeXHBUINCh, UTO Te HJIM HHbIC NOHATHA HMEIOTCA B CIOBape WeTeH, MbI TIpH- 
CTynMaJIM K BbIPaOOTKe Ha PeYeBOM MOAKpenJIeHHH pxAa pedbieKcoB Ha pa3Jpa- 
XKHTCJIM, OTHOCALIHECA K OJHOMY NOHATHIO, HallpHMep K NMOHATHIO «OfexKsla», 
M pala udcdepeHuHpoBoK, OTHOCALWIHXCA K ApyrOMy MOHATHIO, HaNpHMep K 
NOHATHIO «nmocyfa». Y Kaxfloro peOeHKa TakHe CHCTeMbI BbIPaOaTHIBaJIHCb Ha 
KapTHHKH C H300paxKeHHeM IIPeMeTOB H Ha CJIOBECHbIe pasApaxkuTeiu. Y OHUX 
jleTeH BHauae BbIPaOaTbIBalaCb CHCTeMa Ha HEMOCPeACTBeHHbIe, a Y APyrHx Ha 
CJIOBeECHbIe pasqpaxkutTein. Bcero mpHMensAviocb 6 nap CuIOBeCHbIX H 6 Map He- 
MOCPeACTBEHHbIX PpaskpaxuTeselt. 

Tloce Toro kak y ere ObII0 BbIPASOTaHO HECKOMbKO pedseKcoB u Audde- 
PeCHUMPOBOK, OHH OOJIbWeH YaCTbIO KC MeCTa» HAUMHAJIM PearMpOBaTb Ha IPeABAB- 
JIGHHe HOBDIX pa3skpaxuTeseH, UTO H paCCMaTPHBaJIOCb HAMM KaK MOKa3aTeJb. 
oOpasoBaHHuA H30upaTebHO-OOOOULeEHHOrO pedleKca u AudctepenunpowKu. Tlocae 
ONbITOB NO OOpasoBaHHto H30upaTeIbHO-OOOOMLeEHHOrO pedbleKca u Audepenun- 
POBKH (H€3aBHCHMO OT TOTO, yasOCb STO WIM HeT) HCMBITHIBAIOCh [elicTBue 
MIPOM3HOCHMbIX 9KCIEPHMeHTATOPOM COOTBETCTBYIOULUX CIOB-MOHATHH. Jo ucnbl- 
TaHHA OOULMX NOHATHH HM BCE 3a HX HCMbITaHHeM y JleTel MO OnpemeneHHOli 
cxeme coOupavica oTyer. | 

Ha puc. 1 A npeycraBsenbl pesybTaTbI BbIPAOOTKH H3OUPaTebHO-OOOOIICH- 
HOrO pedjlekca u WudpepenWHpOBKU Ha CHCTeMy CJIOBeCHBIX, a Hapuc. 1 6 — 
Ha CHCTeMY HeMOCpeACTBEHHDIX pasqpaxkuTeeH. Kak BHIHO M3 STHX PUCYHKOB, 
y Aereit 3 neT u360npaTenbHO-O6oOuleHHbI pecbsekc u AucbcbepeHiMpoBKa BbIpa- 
OoTaIMCb KaK Ha CHCTeMy HeMOCpeCTBeHHbIX, TAK HM Ha CHCTeMY CJIOBECHBIX 
pa3qpaxkutTesei MeHbUIe, UeM B MOJIOBHHE Cy4aeB, B TO BpeMsA KaK y JeTelt 5: 
u 7 JleT 9Ta BbIpadoTKa HaOwOaacb BCerga. Bmecre c Tem, 4em CTapule Opt 
BO3pacT Jere, TeM Obicrpee MpoOHCXOAMO OOpas0BaHHe usOuNpaTesbHO-0606- 
WeHHOrO pedsekca u AudpepenunposKu. BoiaBuIucb 3aMeTHbIe BO3pPacTHbIe 
pa3JIM4HA B CaMOM Mmpolecce Hx OOpasopanna. Ec y ere 3 mer OOpasoBpanne 
W30UpaTebHO-OOOOueHHOrO peekca u AuctepenMpOBKH OCYUIeCTBANOCE 
MOCTeNeHHO —MyTem Bce Oowlee ObIcTpok BLIPASOTKH KaxK oro HOBOrO pedieKca 
HM KaxKNOH HOBO AuddpepeHtupoBKH, TO y psa Aertel 5 mer u y Bcex Jerelk 
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7 wer W3OupaTenbHO-oOobuleHHbIi pepieKc u Au bepenunpoBKa nosBuaHCE 
Kak Obl BHE3alIHO, CKayKOOOpasHO. HaM KaxkeTCa, 4TO Takad CKaYKOOOpasHaa 
BbIPaOOTKa, T. €. BbIPAOOTKAa MIO MeXaHH3MY BHe3aNHOFO 3aMbIKaHUA, ABMAeTCA 
moKasaTeeM OOJIbIUerO yuacTHA B STOM MIpolecce BTOpPOH CurHaJbHO CHCTeMBI. 


IIpu conocraBenHu JaHHbix, npen- 
CTaBJICHHBIX Ha puc. |, OOpamaer Ha 
ceOA BHHMaHHe TO, YTO y JleTelt BCex 
BOS3PacTHBIX Tpynm OOpa3soBanue u36u- 
paTeJIbHO-OOoOmeHHOrO pedplekca u Wub- 
(bepeHUMpOBKH Ha CHCTeMy CJIOBeCHEIX 
pasipaxuTeleH mpoucxoluso Gpicrpee, 
ueM Ha CHCTeMy HeMOcpeACTBeHHBIX pas- 
ApaxuTesen. 

Puc. 2 moKasbiBaeT, 4TO C BOspa- 
CTOM YBeJIMYMBaeTCA UACIO ANZKBATHbIX 
peakuMH Ha CJIOBa-MOHATHA. Onako 
NpaBHJIbHble PeakKWHH Ha COBa-NOHATHA 
MM@JIM MeCTO pexkKe NO CpaBHeHHto C 0O- 
pasoBaHHeM H30HpaTebHO-OGOOLIEHHO- 
ro pepwlekca H AndpdepenunposKu. Jlaxe 
y uacTu Tex flere 3 u Suet, y KOTOpHIX 
OTMeYaJIOCb OOpas0BaHHe U3OupaTeJbHO- 
oooomeHHOrO pedlekca u Auddepenun- 
POBKH, PeaKIHH Ha CJIOBa-NOHATHA HOO 
OTCYTCTBOBAJIH, JIMOO ObIIH HeBepHBIMH. 
Jluutb y fered 7-meTHero Bospacra 06- 
pa30BaHHt0 H30NpaTeJIbHO-OO0OmeHHOrO 
pepiekca WH AuddepenyupowKu Bceryza 
CONMYTCTBOBAIM HW MpaBMJIbHble peakUMu 


Puc. 1. Bripa6orka u36upatembHo-o6o06uleH- 
Horo pedwiekca H WuddepeHUMpoBKU Ha CH- 
cTeMy CJIOBeCHBIX (A) H HemocpeACTBeEHHBIX 
(5) pa3zpaxuteneh. a — 3-neTKu, 6 — 5- 
JleTKUH, 6 — 7-neTKH. J — feTH, y KOTOpBIX 
O6o6uleHHBIi petbiekc u AuddepeHyHpoBKa 
NOABHIHCb BO 2—4-m ucnpitanun, JJ — 
meTH, Y KOTOppIX OOOOWeHHEIA pecbeKc Hi 
mucddepeHitupopka NoABMCb Nocae 4-ro 
ucnpiranua, //7 — jeru, y KoTopEtx o606- 
WeHHHIH pedieKkc u WuddepeHuMpoBKy BEIPa- 
OoTaTb He yaslocb 


Ha CJIOBa-MOHATHA. 


CpaBnuBan puc. 2 A u 5, momo yOekuTpca, uTO cpemn erTeii 3-neTHero 
BO3pacTa YHCJIO BEPHbIX peaKWH Ha CJIOBa-MOHATHA ObIIO OOMbUIe TOr Aa, Kora 
cucTeMa BbiIpaOaTbIBalaCcb Ha CJIOBeCCHbIe 
pa3paxkuTen. 

Oruer JlereH 0 cucTeme pa3sApaxuTeser 
HMeJI Be OCHOBHbIe PopMp!. B OAHUX Culy- 
yaax JleTH, HE Ha3blIBan OOWLMX NOHATHH, 
IpOcTO MepeyHCAH OTeJIbHbIC KOHKPeT- 
Hble pasqpaxkuTeIN, T. €., Hanmpumep, Fro- 
BOPHJIM: «MaJIbTO, WlaTbe, Kora, TapesKa, 
yalka»...B pyrux cmyuaax fleTH cpa3y 
5  HaSbIBasIM COOTBeTCTBYIONINe COMME NOHA- 
THA, T. €. TOBOPHM, ITO OblvIH «ORerxKTa» 
M «mocyfa». Y fere 3 meT Kak JO HCMbI- 
TaHHA OOULMX MOHATHH, Tak M MocMe UX UC- 
IbITaHHA Pe3KO MpeobJaala nepBax Pop- 
Ma oTueTa. Sra dopMa orveta ABMAACk 
rocnoscTBylolleH HW y TeX H3 HHX, Y KOTO- 
pbIX H30HUPaTebHO-OOOOUIeEHHbIN pedleKc 
u WuddepeHuMpoBKa OOpasoBasIHCb U VY KO- 
TOpbIX HaOsOfLasIuCb BepHble peakuMu Ha 
CIOBa-MOHATHA. OOHAPyxKHJIOCb, UTO B Mep- 
Bylo ovepeb B oTueTaX JeTeH OTpParKa- 
JIMCb HanOoslee 3HaKOMbIe peOeHKYy pa3sApa- 
*KuTesIM; Tak, TapeJiKy peOeHOK HaspiBaJi yallle, TeM KaCTprOiO, a WITaHbl — 
yame, uemM 106Ky. TlonoxMTesbHbIe pas{paxKUTeJIM, Ha3bIBasINCb A€TbMH YalIlc, 
uem TOpMosHble, Jlyuule OTparkaJIMch B OTYeTAX pasparKUTeJIM, MPHMCHAB- 
luMecsH Ha MepBOM HM MoOcJIeqHeM MecTaxX B CHCTeMe. 
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Puc. 2. Peaxuuu peTeli Ha cmoBa — o6- 
Ie NOHATHA Mocse BEIPAaOOTKH CHCTeMBI 
Ha cmosecupre (A) HM HeMocpemcTBeHHBIe 
(B) pasnpaxutenu. a — 6 — cM. puc. |, 
J — yeTu, y KOTOPEIX peaKIMH Ha_ 0O- 
ulve cmopa ObvIM mpaBHibHprmu, JJ — 
qleTH, Y KOTOPbIX peak Ha OOULMe Cw0- 
Ba OplIM HelmpaBuJIbubIMi 


‘Lay 


Y nereit 5 wer Jo uCnEITaHHA OOMMX NOHATHH TaKxKe MpeoOsMaa OTYeET B op- 


Me MepeYHCIeHHA KOHKPeTHBIX pa3kpaxKuTeeH. OHako B OT/MUHE OT TOFO, 


uTO HaGsIOJanocb y fereli 3-leTHero Bospacta, MOcTaTOUHO OblIO 9kKCNepHMeH~ 
TaTOpy Ha3BaTb COOTBETCTBYIOWHe OOLINE MOHATHA, YTOObI B HUX Cpasy BKJIOUH- 


ylaCb BCA CHCTeMa H UTOObI peOeHOK, y2Ke He MpHOerad K MepeuMCJeHHIO OTACMb— 


HbIX pa3{paxkKuTesel, MOb3OBaJICA STHMH NOHATHAMH JIA OTUETA. 

Jleru 7 eT Ha3biBasiM B OTYeTe OOLULHe NOHATHA, Kak TpaBuJO, elle JO HCIbI-- 
TaHHa nocleqHuX. Iipu sTOoM MOMOBMHA HCMbITyeMbIX 7 JET TOTUAC TIOCIe MOABJIC-- 
HHA «C MeCTa» MpaBMVJIbHbIX peakKUMH, a HHOra axe panble sTorO Camu cop- 


MYJIMPOBasIM MPHHILMM CHCTeMaTH3auMu M, Hampumep, roBopuuiu: «A A 3Hal0,. 


YTO KOFa OfexK Ma, TOra HYKHO HaxKUMATH, a KOFa nocyfa, TOra He/b3A». 

OGujeii OCOGeHHOCTbIO OTYeTOB JeTeli BCeX OOCIEAOBAHHbIX HAMM BO3PaCTHBIX. 
rpyll ABMAIOCb TO, UTO OTHET O CHCTEME CJIOBECHBIX pas {parkuTeel Obl OObIHHO: 
6oulee COBEPUICHHbIM, YEM OTUeT O CHCTeEMe HeMOCPeACTBEHHbIX PasAparxkHTeeH .. 
B Ooubuieli Mepe TO OpINO 3aMeTHO Y JleTeH 3 u 5 ser. 

Tlomyyenuble B YCOBHOpePpeKTOPHbIX SKCIePHMeHTAX MAaTepHaJIbI CBue- 
TEJIbCTBYIOT, TAKUM OOPa30M, O TOM, YTO HCHOMb30BaHHe OOWHX NOHATHH [IA 
BbIPAOOTKH H3OUPaTebHO-OOOOMIEHHOrO pedieKca H AupdepeHuUMpOBKH OCTyI- 
HO JeTAM B OombuleH Mepe, YeEM aeKBaTHOe pearHpoOBaHHe Ha 9TH MOHATHA.. 
Hammenee focrynHoli ReTAM ABMIAeTCH 3afaua, B KOTOPOH TpeOyeTcCA yKa3aTb 
Ha MpHHIUMM CHCTeMaTH3aLlMH, T. €. HA3BaTb B OTYeTe NOHATHA, HA OCHOBE KOTO- 


pbIX 3Ta CHCTeMAaTH3alHA NpOusBOAMNACb. ToT *PakT, YTO COMME NOHATHA Jlerue 


MCNOIb3YIOTCA AIA CHCTEMATH3allHH WH CKOPee Ha3bIBaloTCA B TeX Cy4aAX, KOTa 
pasApaxkKUTeIAMH CJIYKAaT CJIOBAa, OObDACHHeTCA, MO-BHAJHMOMY, TCM, UTO oOulHe 


| 
| 
| 
] 


MOHATHA Oomee TECHO CBAZAHbI CO CJIOBECHbIMH OOO3HAYCHHAMH OOBEKTOB, UeM — 


C COOTBETCTBYIOUIMMH PeaJIbHbIMH OObeKTAaMH. 

IIpu o6cmeqoBaHuu Jere B ECTECTBEHHOM SKCMePpHMeHTe OblIO OOHAPyKeHo, 
4uTO HHKTO H3 HCMbITYeMBIX 3-JIeTHEFO BOSPacTa He CMOFr NPOH3BeCTH KJAaccHPpu- 
KallH10 KaPTHHOK, COOOpa3yACb C OTHOWICHHEM HX K COOTBETCTBYIOMeEMY MOHA- 


Tuo. JletH HOO OecnopsAROUHO paCKJabIBAIH MpeWIOXeHHbIe AIA Kaccudu- 


KallHH KapTHHKH, JIHOO KacCHpMUMpoBasIM HX MO NpH3HakaM WBeTa, (hOpMbr 
MW BelMuHHbI. Jake Torgqa, KOra 9KCNepHMeHTAaTOP CaM Hava KaccupuKka- 
IHIO, WpeAwiarad WCMbITYeMbIM MPOOJKHTb ee, JeTH B OOJIbUIHHCTBE CJLyuaeB. 
He MOP CipaBuTbca c sTOH sayauelt. 1 TOmbKO nOocue Toro, KaK MIPHHILHIT 
KJIaCCHuKalHH peOeHKy YkKa3bIBaJICA, T. €. MOCJIe COB 9KCMepHMeHTaTOpa. 
«B STY KOPOOOUKY NOMOXKU HPPYWIKH, B ITY — 2KHBOTHDIX, a B 3STY — OOYBb»,. 
yacTb JleTeH Ha¥MHalla paCKJaJbIBATb KAPTHHKH Ha OCHOBE OTHOUICHHA UX K 
JaHHbIM NOHATHAM. J[eTH 5 JeT B CBOeM OOJIbUIMHCTBeE yxKe KIaccupulMpoBasni 


KapTHHKH MNO JIMHHH OTHOWICHHA UX K HYMKHbIM NOHATHAM, HO JWJIA STOO YAaCTO: | 


TpeOopalacb MOMOUlb SKCHepHMeHTaTOpa, KOTOPAaA BbIparkaslach B HaBOLALIUX 
BOMpOCaxX MH 34MC4YaHHAX, a Tak2Ke B TOM, YTO SKCICPHMCHTATOP B KarKyIO KO- 


poOky KslasI N10 OHOH HIM MO 7WBe KapTHHKH. BpiaBusocb, uTo Jeram 3 u 5 ser 
3HAUNTEIbHO Jlerue ObIO MOLOOpaTb CMOBa K Ha3BAHHOMY 9KCMepHMeHTAaTOpOM — 


OOIeMy MOHATHIO, YeM OOO3HAYHTb STHM MOHATHeEM PAR KOHKPeTHBIX CJIOB. 
Jleru 7 mer OonbueH uacTbIo BepHO CMpaBJANUCh CO BCeMH 3a,aHuAMM ecTecT- 
BCHHOFO 9KCHepHMeHTAa. 

IIpu ompoce ucnbiryemblx 0 3aaHHAXx eCTeCTBeEHHOFO SKCNepHMeHTAa OKa3a- 
Noch, UTO ReTH 3 eT, NPHAepKUBAaBLIMeECA MpH KNaCCHPUKAaMMH KaKHX-IHG6O 
ONPeeJICHHbIX MPH3HaKOB, Oyb TO UBeT, (POpMa, BeMM4NHA MIM (B UCKIOUN- 
TEJIbHbIX CJLyY¥aHx) OTHOWMIeHHE K ONpeAeIeHHOMY BUY, He MOFJIM OObINHO yKa- 
3aTb Ha 9TO, HO TaK XKe, KaK HM B OTYeTAX O BbIPaOoTKe CHCTeMbI, MpHOerain K 
M€PeYHCICHHIO KOHKPeTHBIX PpasqpaxuteneH. JJerH 5 ser uHOrga roBopuH 
B OTYCTE O IIpH3HakaX, MOCJYXUBUIMX HM OCHOBOK JIA KaccucdbuKauun. Jleru 
xe 7 JleT emai 9TO MOUTH BCersa. 

CreqoBaTesIbHO, B XOMe eCTeCTBEHHOPO SKCMEPUMeHTa Obi MOJTyYeHbI MaTe- 
PHaJIbl, BO MHOFOM CXOHbIe C aHHbIMH OMNbITOB M0 BbIPAOOTKe H3OUPaTeIbHO- 
o6o0ujenHOrO pediekca u AndcdbepeHMpoBKH. 

PesyJIbTaTbI HCCEMOBAHHA MO3BOJIAIOT HAMETHTb HeKOTOPHIe 9TanbI cOpMu— 
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poBaHuaA y Jere oOujux nonaATuH. Ha neppom 9Tane uMewulweca B COBape 
Jetel oOuiwe NOHATHA MpakTHYeCKH MOUTH He HCMOb3yIOTCA HMM JIM UCMOUIb- 
|SYIOTCA JIMUIb B HEKOTOPHIX OOJIEr4eHHbIX YCJIOBHAX. SaTem Culeqyer 9Tan, Kora 
TeTu, UCNOb3yA OOULHE NOHATHA B WeNAX CHCTeMATH3aUMH, OKA3bIBaIOTCA MOL- 
}4ac elle He B COCTOAHHH BOCNOIb30BaTbCA MMH Jian oTUeTa. MW, HakoHell, HacTy- 
| MaeT 9Tan, Kora OOuINe NOHATHA MCNOb3YIOTCA Kak JIA CHCTeMAaTH3allMH, Tak 
|W Jia oTueTa. B OTHOWIeCHHH TeX MOHATHH, KOTOPHIe Obl w3OpaHbI HAMM LA 
}MCCIeEAOBaHHA, Mepbiii STAM COOTBeTCTBOBas 3-meTHeMy, BTOpolt — 5-eTHeMy 
|M Tpetui — 7-sleTHeMy BospacTy. CileqyeT OTMETHTb, UTO B YCIOBHAX OOPa3z0Ba- 
HHA H38OnpaTeJIbHO-OOOOMeHHOrO pedmekca U AnddepeHuNpoBKH, T. e. B yCJO- 
BHAX, KOra OOBEKTHI OMHOFO NOHATHA ABJIAHCb MOJIOKUTCIbHBIMH, a OObEKTHI 
Apyroro OTPHWaTeJIbHbIMH Pa3paxKHTeAMH, OOM NOHATHA MerKO HCMOJIb30- 
BaJIHCb JCTbMH JIA CHCTEMATH3allM UM WIA OTUETA. 

B esIOM H3J1I0%KCHHbIC BbILIe (PaKTbI MOPyT CJLYXKUTb YOeAHTeIbHBIM OKa3a- 
{TEJIbCTBOM TOTO pa3pbIBa, KOTOPHIii 4aCTO CyLeCTByeT M@XKAy HaIM4YHeM B peu 
§peOenka Tex HJIM HHbIX OOUIMX NOHATHH WM UX NpaKTHYeCKHM 3HayeHHeM. 


YWucrutyT 2B0mI0LMOHHOK cbu3Honormu um. VW. M. Ceuenosa [locry nusio 
Axkagemuu Hayk CCCP 22 IV 1958 


159 


= Ss. i RNS REM 


LAU WSS SS PT lTiga6 UMP at) 1! ne 
Bor Mot eit ITPA A ae MaRWS 
ia (ERS BAY wml, oa OT ced set 
fiat) WT SARA ALSACE BAETE OND FRA 
ohn oeoney) dh eer ToReltih se gedit 
te 1 (PMNDAG SITS M1, Noe Lagos aan ANE 
11 ceeteGlt a uecian st AY pial. thee DAT a 
— ie y erth aT) eee Tey ieeky) Lie EF 
soeany STON 6 OFe er aay , ane t 
— ee ae ee Pe i ie Fag 
WOR 6 RO Pal ye BR TR aie +f. Se 
“CMCC LACAN | AUNT OHS BO oy tA ae a dy AY 
= igh a 
“BEMIS Width eT LIS HURYRE PYIOM le GA , 
Iwi earns a hoard eating a ean | 


; Wi : i b 
ee eae a 
Paes 2 Uke) Eee, Ow Asean pimp orbs wh 
rian es ¢ 77 tiem ss as oeAhOnn 445418. @ arepee 

E wie <, we dian, owAar. 6 OTNPVe eHHeTaR Bes 
na ® cE 2 eile ee est ei yy, paar NYO nGaabee 


Msi ye eS M3 Nee Cio EARP bases © ee ce . 
PS Hervey caywaer tensed (MARCHANT Fap-ptis cayney', ra, 
ota 0") € 7 ) a Nis ( ae ae i> a eee | | Lt cel Pek or || at 
PP rwerivvnuuns cede Oh ew: 
pes mat whee 2H aD olin O60) 1ORET AT 14 Safire — J Siow 
vu tire ef iin e 2eeq Je Awl 42s -~ * —=—6'M> Cee PCT 
eae Oe ee et 
ma. ‘ MC Gee (MeN phtheww euhkid’ HAG meee 
(ile tse. sete aontebvepeeee Gy i Yeni qheve, dio 
S Sig : ca 4 iJ, WHOTNG iP eiriiwem@ i Ae) Ch WARP Be 
2. #4, a® 4 Ty f cv ¥ Cthete tr SS en a te ee 
- =e ST : ¢ srug : = 1 ahice coe DT : ia 
° a i Mahe. f We as oie, € 15 d steer 
wip Fad oi) on a D i] Tr; ae Z sory | vi fF oy ‘va hier. 
Bib 2 s> eee. ; ? ‘ Kael A Ne (Cpe Gi eu 
> Gul, ie he Clie i ehriett es pesca ‘ 
af ® Cre ar ic “a ov iu ‘cv¢@..890 288 more 
Ds j i. ari acnty hal ea, eee 
a mS ‘ 4 of : ej DM eae -_ n a We, 
Pn By , ede [hay lire, OQ. Geeaeh ie 4 
in 7 (a ‘ 1 rae  feeap HOM SRC ma 
; : ' " MueaTty Ad™=aby nena 
iti Dn op Rae Te 


m is “thir 10? PP Linsey Aee im 
aia Deas 4 ce ittaee wig aa 
re ten je, ONO) 6) (en 
il 6 i *. hE a 
3] J me Oe ead, ‘nial . 


wrt 1 wth 5 @@e Quadra raoy 
pe Palatal tyt 1” ee ARAN je ‘ALIEN 4 y 
> Marte ia 


= wus @UcCit eens ie eer TT 
Mil. TIF OTS on mid PAI a? "Sa hal ‘ si 
OL 07 yea 


I Ie AON TREO eRe & 


